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FOREWORD

Joint Aviation Authorities (JAA) pilot licences were first introduced in 1999. By the end of 2002, all
33 JAA member states will have adopted the new, pan-European licensing system. Many other countries
world-wide have already expressed interest in aligning their training with the syllabi for the various JAA
licences. These syllabi and the regulations governing the award and the renewal of licences are defined
by the JAA’s licensing agency, known as “Joint Aviation Requirements-Flight Crew Licensing”, or JAR-
FCL.

The introduction of JAA licences is, naturally, accompanied by associated JAR-FCL practical skill tests
(tests of flying ability) and theoretical knowledge examinations corresponding to each level of licence:
Private Pilot Licence (PPL), Commercial Pilot Licence (CPL), CPL with Instrument Rating and Air
Transport Pilot Licence (ATPL). The JAR-FCL skill tests and the ground examinations, though similar
in content and scope to those conducted by many national authorities, are inevitably different in detail
from the tests and examinations set by any individual JAA member state under its own national scheme.
Consequently, students who wish to train for JAA licences need access to study material which has been
specifically designed to meet the requirements of the new licensing system.

As far as the JAA ATPL ground examinations are concerned, the subject matter to be tested is set out
inthe ATPL training syllabus contained in the JAA publication, ‘JAR-FCL 1 (Aeroplanes)’. Inevitably,
this syllabus represents a compromise between the differing academic contents of the national ATPL
training syllabi it replaces. Thus, it follows that the advent of the new examinations has created a need
for completely new reference texts to cover the requirements of the new syllabus. This series of manuals,
prepared by Oxford Aviation Training and published by Jeppesen, aims to cover those requirements and
to help student pilots prepare for the JAA ATPL theoretical knowledge examinations.

Oxford Aviation Training (OAT) is one of the world’s leading professional pilot schools. It has been in
operation for over thirty years and has trained more than 12,000 professional pilots for over 80 airlines,
world-wide. OAT was the first pilot school in the United Kingdom to be granted approval to train for the
JAA ATPL. As one of the most active members of the European Association of Airline Pilot Schools,
OAT has been a leading player in the pan-European project to define, in objective terms, the depth and
scope of the academic content of JAA ATPL ground training as outlined in ‘JAR-FCL 1 (Aeroplanes)’.
OAT led and coordinated this joint-European effort to produce the JAA ATPL Learning Objectives
which are now published by the JAA itself as a guide to the theoretical knowledge requirements of ATPL
training.

In less than two years since beginning JAA ATPL training, and despite the inevitable teething problems
that national aviation authorities have experienced in introducing the new examination system, OAT has
achieved an unsurpassed success rate in terms of the passes its students have gained in the JAA ATPL
examinations. This achievement is the result of OAT’s whole-hearted commitment to the introduction
of the new JAA licensing system and of its willingness to invest heavily in the research and development
required to make the new system work for its students. OAT has not only been at the forefront of the
effort made to document JAA ATPL theoretical knowledge requirements, but it has also produced
associated academic notes of the highest quality and created computer-generated and web-based ATPL
lessons which ensure that its students are as well-prepared as possible to succeed in the ground
examinations. OAT’s experience and expertise in the production of JAA ATPL training material make
this series of manuals the best learning material available to students who aspire to hold a JAA ATPL.

continued....



Jeppesen, established in 1934, is acknowledged as the world’s leading supplier of flight information
services, and provides a full range of print and electronic flight information services, including
navigation data, computerised flight planning, aviation software products, aviation weather services,
maintenance information, and pilot training systems and supplies. Jeppesen counts among its customer
base all US airlines and the majority of international airlines world-wide. It also serves the large general
and business aviation markets.

The combination of Jeppesen and OAT expertise embodied in these manuals means that students aiming
to gain a JAA ATPL now have access to top-quality, up-to-date study material at an affordable cost.

Manuals are not, of course, the complete answer to becoming an airline pilot. For instance, they cannot
teach you to fly. Neither may you enter for the new JAA ATPL theoretical knowledge examinations as
a “self-improver” student. The new regulations specify that all those who wish to obtain a JAA ATPL
must be enrolled with a flying training organisation (FTO) which has been granted approval by a JAA-
authorised national aviation authority to deliver JAA ATPL training. The formal responsibility to
prepare you for both the flying tests (now known as “skill tests”) and the ground examinations lies with
your FTO. However, these OAT/Jeppesen manuals represent a solid foundation on which your formal
training can rest.

For those aspirant airline pilots who are not yet able to begin formal training with an FTO, but intend to
do so in the future, this series of manuals will provide high-quality study material to help them prepare
themselves thoroughly for their formal training. The manuals also make excellent reading for general
aviation pilots or for aviation enthusiasts who wish to further their knowledge of aeronautical subjects
to the standard required of airline pilots.

At present, the JAA ATPL theoretical knowledge examinations are in their infancy. The examinations
will inevitably evolve over the coming years. The manuals are supported by a free on-line amendment
service which aims to correct any errors and/or omissions, and to provide guidance to readers on any
changes to the published JAA ATPL Learning Objectives. The amendment service is accessible at
http://www.oxfordaviation.net/shop/notes.htm

OAT’s knowledge of and involvement in JAR-FCL developments are second to none. You will benefit
from OAT’s expertise both in your initial purchase of this text book series and from the free amendment
service. OAT and Jeppesen have published what they believe to be the highest quality JAA ATPL
theoretical knowledge manuals currently available. The content of these manuals enables you to draw
on the vast experience of two world-class organisations, each of which is an acknowledged expert in its
field of the provision of pilot training and the publication of pilot training material, respectively.

We trust that your study of these manuals will not only be enjoyable but, for those of you undergoing
training as airline pilots, will also lead to success in the JAA ATPL ground examinations.

Whatever your aviation ambitions, we wish you every success and, above all, happy landings.

Oxford, England. January 2002



PREFACE TO EDITION TWO, FIRST IMPRESSION

Edition Two of this work has been recompiled to give a higher quality of print and diagram. The
opportunity has also been taken to update the contents in line with Oxford Aviation Training’s
experience of the developing JAA ATPL Theoretical Knowledge Examinations.

Oxford, England. September 2002
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AIRFRAMES AND SYSTEMS STRUCTURES

1.1 DEFINITIONS, LOADS APPLIED TO AIRCRAFT STRUCTURES.
Tension.

A tension, or tensile, load is one which tends to stretch a structural member. Components
designed to resist tensile loads are known as ties.

@€

Figure 1.1 Tensile

Compression.

Compressive loads are the opposite of tensile loads and tend to shorten structural members.
Components designed to resist compressive loads are known as Struts.

Sy

Figure 1.2 Compression

Shear.

Shear is a force which tends to slide one face of the material over an adjacent face. (See Figure
1.3.) Rivetted joints are designed to resist shear forces.

Figure 1.3 Shear

1.1-1 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

1.2

COMBINATION LOADINGS.
Bending.

Bending of the structure involves the three basic loadings, i.e.

a) Tension as the outer edge stretches.

b) Compression as the inner edge squeezes together.

c) Shear across the structure as the forces try to split it.
Torsion.

Torsion or twisting forces produce tension at the outer edge, compression in the centre and shear
across the structure.

Stress.

Stress is the internal force inside a structural member which resists an externally applied force
and, therefore, a tensile load or force will set up a tensile stress, compression loads compressive
stresses etc.

Stress is defined as the force per unit of area and is measured in units of N/mm? or MN/m*
Strain.

When an external force of sufficient magnitude acts on a structure, the structural dimensions
change. This change is known as strain and is the ratio of the change in length to the original
length and is a measure of the deformation of any loaded structure.

Buckling.

Buckling occurs to thin sheet materials when they are subjected to end loads and to ties if
subjected to compressive forces.

Aircraft components are subjected to some or all of the above stresses and these will tend to
elongate, compress, bend, shear or twist the component. However, providing the resulting
deformation is within the elastic limit of the material, the component will return to its original
dimension once the deforming load has been removed. If any load takes the structure beyond the
elastic limit the deformation will be permanent.

1.1-2 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

1.3

Design Limit Load (DLL)

This the maximum load that the designer would expect the airframe or component to experience
in service.

Proof load.

This is normally 1.125 x the DLL. When proof load is applied the aircraft structure must not
suffer any permanent deformation and all flying control and other systems must function
normally.

Design Ultimate Load (DUL).

The DUL is the DLL x the safety factor . The minimum safety factor specified in design
requirements is 1.5. The structure must withstand DUL without collapse.

Safety factor.
The safety factor is the ratio of the ultimate load to the limit load.
DESIGN PHILOSOPHIES.

The aircraft manufacturer will attempt to design an aircraft to take into account all the loads that
it may experience in flight. There are various guidelines, formulae and experience to guide them
in the design of a good fail safe/damage tolerant structure.

Safe life.

The safe life of an aircraft structure is defined as the minimum number of flying hours, landings,
cycles etc. which should elapse before a major structural failure occurs. To minimise the effects
of metal fatigue , aircraft designers apply the principle of Fail safe construction or Damage
tolerance.

Fail safe structure.

This is a structure having multiple load paths which means that the loads are shared by adjacent
members. Therefore if one part fails the load it carried will now be carried by the adjacent
member for a limited period. This will normally be until at least the next periodic inspection.
This design philosophy must be accompanied by a maintenance programme which should ensure
that cracks/failures are found before they progress too far.

1.1-3 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

Damage tolerant structure.

Fail safe structures are rather heavy due to the extra structural members required to protect the
integrity of the structure. Damage tolerant structure eliminates the extra structural members by
spreading the loading of a particular structure over a larger area. This means that the structure
is designed so that damage can be detected during the normal inspection cycles before a failure
occurs.

Fatigue.

A structure which is subjected to continual reversals of loading will fail at a load of less than
would be the case for a steadily applied load. This is known as Fatigue. The failing load will
depend on the number of reversals experienced. It can be seen in the example below that if the
applied stress was 80 % of the ultimate stress, the specimen could expect to fail after 100
applications but if the applied stress was reduced to 20% the failure would not occur until 10
million applications.

S

Applied
alternating
stress

(% of

ultimate)

N No. of cycles to failure
(drawn to, log scale)

1.1-4 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

Station numbers.

A method of locating components on the aircraft must be established in order that maintenance
and repairs can be carried out. This is achieved by identifying reference lines and station
numbers for fuselage, wings , empennage, etc. Fuselage station lines are determined by
reference to a zero datum line (fuselage station 0.00) at or near the forward portion of the
aircraft as defined by the manufacturer. Station numbers are given in inches forward (negative
and given a - sign) or aft (positive and with a +sign) of the zero datum. Wing stations are
measured from the centre line of the aircraft and are also given in inches left or right of the
centre line. Vertical position from a ground line or horizontal datum can be known as a Water
Line (WL) or Buttock Line, given as a dimension in inches from the horizontal datum.

1.1-5 © Oxford Aviation Services Limited
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AIRFRAMES AND SYSTEMS STRUCTURES

14

Fuselage. The fuselage is the main structure or body of the aircraft and carries the aircraft
payload i.e. the passengers and/or freight as well as the flight crew and cabin staff in safe,
comfortable conditions.

It also provides the flight crew with an effective position for operating the aircraft and space for
controls, accessories and other equipment. It transfers loads to and from the main planes(wings),
tailplanes, fin, landing gear and, in certain configurations, the power plants. Pressurised aircraft
structures must also be capable of supporting the axial and hoop stresses imposed by the
pressurisation forces.

Axial stress. Axial or longitudinal stresses are set up in the fuselage of aircraft when pressurised
and tend to elongate the fuselage.

Hoop stress. Hoop or radial stresses are set up in addition to axial stress and tend to expand
fuselage cross section area. The internal pressures that set up these stresses can be as high as
65.5 KN/m? (9.5psi)

REAR PRESSURE
BULKHEAD

HOOP
STRESS AXIAL
STRESS
FRONT
PRESSURE
BULKHEAD
Figure 1.6
FUSELAGE CONSTRUCTION.
There are two main types of construction in use:
a) Truss or framework type generally used for light, non pressurised, aircraft.
b) 1) Monocoque. or the more widely used
ii) Semi-Monocoque which is in use on most other aircraft. This type of structure

is more generally referred to as Stressed Skin.

1.1-8 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

1.5

FRAMEWORK.

The framework consists of light gauge steel tubes welded together to form a space frame of
triangular shape to give the most rigid of geometric forms with each tube carrying a specific load
the magnitude of which depends on whether the aircraft is airborne or on the ground. It is a
strong, easily constructed and relatively trouble free basic structure. The framework is covered
by a lightweight aluminium alloy or fabric skin to give an enclosed, aerodynamically efficient
load carrying compartment.

Figure 1.7 The Auster

1.1-9 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

1.6 MONOCOQUE CONSTRUCTION

FORMERS

\OUTSIDE SKIN

Figure 1.8

In a monocoque structure all the loads are taken by the skin with just light internal frames or
formers to give the required shape. Even slight damage to the skin can seriously weaken the
structure. Sandwich construction, a honeycomb core with a skin of composite material (GRP or
CFP) or aluminium alloy, can be used to provide rigidity and strength and is seen in aircraft such
as the Beech Starship.

Figure 1.9 Beech strship turbo-prop xecutive N
aircraft with all-composite airframe

1.1-10 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

1.7

1.8

SEMI-MONOCOQUE |FRAMES OR FORMERS
CONSTRUCTION.

As aircraft became larger and the
air loads greater the pure
monocoque structure was not
strong enough and additional
structural members known as
stringers (stiffeners) and
longerons were added to run
lengthwise along the fuselage
joining the frames together. The
light alloy skin is then attached to
the frames and stringers by
rivetting or adhesive bonding.
Stringers stiffen the skin and
assist the sheet materials to carry | STRINGERS
loads along their length. Good
examples of longerons are the
seat rails of passenger aircraft.

Figure 1.10. Semi-monocoque Structure.

When cut-outs are made to stressed skin structures, for example to provide access panels,
passenger windows or when repairs are required to damaged areas, reinforcement, in the form
of DOUBLERS or backing plates, is required around the cut-out. If the skin is machined from
the solid the skin around windows etc. is left thicker than the rest of the skin to provide the
required reinforcement.

FLIGHT DECK AND PASSENGER CABIN WINDOWS.

Flight deck windows.

The flight deck windows fitted to pressurised aircraft must withstand both the loads of
pressurisation and impact loads from birdstrikes. They are constructed from toughened glass
panels attached to each side of a clear vinyl interlayer. An electrically conducting coating,
applied to the inside of the outer glass panel is used to heat the window. This prevents ice from
forming and makes the window more resilient and able to withstand birdstrikes.

The shock loading of a birdstrike impact is absorbed by the ability of the vinyl interlayer to
stretch and deform should the impact be great enough to shatter the glass. Windscreens are
attached to the frame by bolts passing through the edge of the windscreen.

The aircraft, and therefore by implication the windscreen, must be capable of continued
safe flight and landing after impact with a 41b(2kg) bird when the velocity of the aeroplane
is equal to Ve (design cruise speed) at sea level, or 0.85 V¢ at 8000ft, which ever is the most
critical. i.c. the windscreen must be able to withstand impact under these conditions without
penetration.

1.1-11 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

The vertical and horizontal angles of the windscreen are specified so that each pilot has a
sufficiently extensive, clear and undistorted view so that they can safely preform any
manoeuvres within the operating limitations of the aeroplane. An opening window may be
provided in the control cabin to enable the pilot to land the aircraft safely should forward vision
be restricted. On light aircraft the flight compartment windows are generally perspex.

REINFORCED FRAMES

FRAMES

STRINGERS

cuT ouTs J/ o

Figure 1.11

Passenger cabin windows.

These are designed to be ‘fail safe’ and normally have two panes of acrylic plastic mounted in
an airtight rubber seal fitted into a metal window frame. The inner and outer panes are each

capable of taking the full cabin pressurisation load. If one pane fails the other will prevent loss
of cabin pressure.

1.1-12 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

1.9

MAINPLANES (WINGS)

The wings support the weight of the aircraft in the air and so must have sufficient strength and
stiffness to be able to do this. The strength and stiffness are determined by the thickness of the
wing with the thickness and type of construction used being dependent on the speed
requirements of the aircraft. The types of construction are:-

a) Bi-plane

b) Braced monoplane
c) Cantilever monoplane
Bi-plane.

Very few bi-planes fly at more than 200 knots in level flight and so the air loads are low which
means that the truss type design covered in fabric is satisfactory. The wing spars, interplane
struts and bracing wires form a lattice girder of great rigidity which is highly resistant to bending
and twisting.

CENTRE SECTION
LANDING WIRES

UPPER MAINPLANE INTERPLANE

FLYING WIRES

LOWER MAINPLANE
Figure 1.12

Braced monoplane .
This type of design is also used on low speed aircraft.

N0
N

Figure 1.13

1.1-13 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

Cantilever monoplane

TWISTING

—
{
7

BENDING

Figure 1.14

The mainplanes have to absorb the stresses due to lift and drag in flight and, if of cantilever
design, their own weight when on the ground.

This is achieved by building the wing around one or more main load bearing members known
as spars, which are constructed so that they will absorb the downwards bending stresses when
on the ground and the upwards, rearwards and twisting stresses when in flight.

Figure 1.15 Typical Spar Sections

Bending stress relief is also provided by mounting the engines on the wing and positioning the
major fuel tanks within the wing. During flight the fuel in the wing tanks is the last to be used.

1.1-14 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

This is particularly important at high all up weights when the outer wing fuel tanks are full. As
the fuel is used the weight of the aircraft decreases which reduces the required lift and therefore
the bending moments.

Note: The maximum bending moment occurs at the wing root.

The engine position also acts as a mass balance to reduce wing flutter.

TOP PANEL OF INTEGRALLY
STIFFENED SKIN

FRONT MEMBER

LIGHTENING
HOLE RIB

 BOTTOM
CAP

Figure 1.16 Wing torsion box structure

1.1-15 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

The Maximum Zero Fuel Mass (MZFM) is defined as the ‘maximum permissible mass of
an aeroplane with no usable fuel’.

This is significant because the added fuel (almost always carried in the wing) does not add to the
wing structural weight.

The mainplanes may be of single spar, twin spar or multispar construction . A conventional
structure would consist of front and rear spars, the metal skin attached to the spar booms to form
a torsion box.

There is a form of construction that uses a series of small spars to replace the main spars. Other
mainplane components are:-

Skin: takes the loads due to differences in air pressures and the mass and inertia of the fuel (if
any) in the wing tanks. It generates direct stresses in a spanwise direction as a response to
bending moments and also reacts against twisting (torsion) .

Stringers: are spanwise members give the wing rigidity by stiffening the skin in compression.
Ribs: these maintain the aerofoil shape if the wings, support the spars, stringers and skin against
buckling and pass concentrated loads from engines, landing gear and control surfaces into the
skin and spars.

The major structural components of the wings are generally manufactured from aluminium

alloys with composite materials such as GRP(glass reinforced plastic), CRP (carbon reinforced
plastic) and honeycomb structures used for fairings, control surfaces, flaps etc.

1.1-16 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

1.10

STABILISING SURFACES.

There are many different designs of the empennage (tail unit) i.e.:- Conventional, T-tail, H-tail,
V-tail. (see fig. 1.17).

The tail units provide, in most cases, the longitudinal and directional stability and the means of
longitudinal control. Some aircraft have their longitudinal stability and control provided by
foreplanes (canards).

The horizontal surfaces, which are known as the tailplane or horizontal stabiliser, provide
longitudinal stability by generating upwards or downwards forces as required.

Figure 1.17. The Empennage

The vertical surface(s), vertical stabiliser or fin, generate sideways forces as required.
Longitudinal control is provided by the elevators or moving tailplane with directional control
provided by the rudder. Both the tailplane and the fin are subject to both bending and torsional
stresses.
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1.11

1.12

Structurally the tail unit components are generally smaller versions of the mainplanes in that they
use spars, ribs, stringers and skin in their construction. On some aircraft they may also be sealed
to provide fuel tanks, particularly those used for longitudinal and / or mach trim. They also use
the same basic materials i.e. aluminium alloys, composites with honeycomb structures or high
density expanding foam being used for control surfaces, to provide greater stiffness at lower
weight .

CONTROL SURFACE FLUTTER.

Flutter is the rapid and uncontrolled oscillation of a flight control (or the surface to which it is
attached) which occurs as a result of an unbalanced surface.

Flutter is caused by the interaction of aerodynamic forces, inertia forces and the elastic
properties of the surface or structure and can lead to the catastrophic failure of the structure.

Flutter must not occur within the normal flight operating envelope of the aircraft. Flutter can be
prevented by mass balancing control surfaces to alter the moment of inertia of the surface and
therefore the period of vibration (move the control surface C of G closer to the hinge).

Poorly maintained aircraft, particularly those with excessive control surface backlash (play) or
flexibility may mean that flutter could occur at speeds below the limit airspeed.

Flutter of the mainplanes may be prevented by using the engines as mass balances, placing them
on pylons forward of the wing leading edge.

MATERIALS USED.

Modern aircraft are constructed mainly of aluminium and its alloys with smaller amounts of
steel and titanium for the major structural components with composite materials used
extensively for more lightly loaded structures. However many of the latest aircraft make use of
modern composites for the empennage, cabin floor panels, flying control surfaces, engine
cowlings and fairings.

Each material is chosen for its particular properties with regard to fatigue strength, wear
resistance, strength to weight ratio, fire resistance etc.

Aluminium and its alloys are the most widely used metals for structural use due to a good
strength to weight ratio with ‘duralumin’ type alloys predominating due to their good fatigue
resistance. Duralumin is an aluminium and copper based alloy which has poor corrosion
resistance except when clad with pure aluminium. It also has good thermal and electrical
conductivity and is difficult to weld.

Steel and its alloys are only used where strength is vital and weight penalties can be ignored.
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Titanium is much lighter than steel and can be used where fire protection is required i.e.
firewalls. It has good strength and retains this and its corrosion resistance up to temperatures
of 400°C.

Magnesium alloys are also used, their principal advantage being their weight. This gives an
excellent strength to weight ratio (aluminium is one and a half times heavier) . The elastic
properties of magnesium are not very satisfactory so its use in primary structures is limited.

Composite materials have good resistance to corrosion and can easily be formed into complex
shapes but their fatigue behaviour is different to that of conventional metal alloys and is not
generally a consideration at stress cycles below approximately 80 % of ultimate stress. Metal
structures suffering fatigue retain their design strength up to a critical point after which failure
occurs rapidly whereas composites loose their properties gradually. Interest in composites for
structural use is due to their high specific strength and specific stiffness and their ability to retain
these properties at elevated temperatures.

The graph shows the specific strength against the specific stiffness which is the measure of the
lightweight performance of the material. It can be seen that carbon fibre (cfrp) and kevlar (kfrp)
outperform the commonly used aircraft structural materials. Glass fibre (gfrp) is not generally
used as a structural material. Itis anticipated that advanced composites using Boron and Lithium
will further improve the characteristics of composites.

(Specific strength = Ultimate tensile stress/density and specific stiffness = Young’s
Modulus(E)/density) see Figure 1.18.

SPECIFIC STRENGTH

TANIUM X X STEEL
‘ {ALUMINIUM ALLOY o

SPECIFIC STIFFNESS

Figure 1.18
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1.13

HEAVY LANDINGS.

Aircraft landing gear is designed to withstand landing at a particular aircraft weight and vertical
descent velocity( the maximum is 10ft/sec or 3.15m/sec at maximum landing weight). If either
of these parameters are exceeded during a landing then damage may have been caused to the
landing gear or supporting structure and these loads can be transmitted to the fuselage and main
planes. Overstressing may also be caused by landing with drift or landing in an abnormal
attitude, e.g. nose or tail wheels striking the runway before the main wheels.

Some aircraft are fitted with heavy landing indicators, which give a visual indication that
specific “ G “ forces have been exceeded but in all cases of suspected heavy landings the flight
crew should give details of the aircraft weight, fuel distribution , landing condition and whether
any noises indicative of structural failure were heard.

The damage which may be expected following a heavy landing would normally be concentrated
around the landing gear, its supporting structure in the wings or fuselage, the wing and tailplane
attachments and the engine mountings. Secondary damage may be found on the fuselage upper
and lower skin and structure, depending on the configuration and loading of the aircraft.

On some aircraft it is specified that, if no damage is found in the primary areas, the secondary
areas need not be inspected; but if damage is found in the primary areas, then the inspection must

be continued.

The precise details vary from aircraft to aircraft so reference must be made to the appropriate
maintenance manual.

1.1- 20 © Oxford Aviation Services Limited



AIRFRAMES AND SYSTEMS STRUCTURES

SELF ASSESSMENT QUESTIONS - STRUCTURES

1.

What is the purpose of the wing main spar

a)
b)
c)
d)

To withstand bending and torsional loads

To withstand compressive and torsional loads
To withstand compressive and shear loads

to withstand bending and shear loads

What is the purpose of wing ribs

a)
b)
c)
d)

To withstand the fatigue stresses

To shape the wing and support the skin
To house the fuel and the landing gear
To provide local support for the skin

What is the purpose of stringers

a)
b)
¢)
d)

To absorb the torsional and compressive stresses

To produce stress risers and support the fatigue metres

To prevent buckling and bending by supporting and stiffening the skin
To support the primary control surfaces

The airframe structure must remain substantially intact after experiencing:

a)
b)
c)
d)

The design ultimate load times a 1.5 safety factor
The design limit load plus the design ultimate load
Three times the safety factor

The design limit load times a 1.5 factor of safety

In the construction of airframes the primary purpose of frames or formers is to:

a)
b)
c)
d)

Provide a means of attaching the stringers and skin panels
Oppose hoop stresses and provide shape and form to the fuselage
Form the entrance door posts

Support the wings

How can wing bending moments be reduced in flight?

a)

b)

c)
d)

By using aileron ‘up-float’ and keeping the centre section fuel tanks full for as long as
possible

By using aileron ‘up-float’ and using the fuel in the wings last

By having tail-mounted engines and using aileron ‘down-float’

By having wing-mounted engines and using the wing fuel first
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7.

10.

Regarding a safe life structure:

a)
b)
c)
d)

Will only fail after a known number of operations or hours of use

Should not fail until a predicted number of fatigue cycles has been achieved
Has a programmed inspection cycle to detect and rectify faults

Is changed before its predicted life is reached

bl ol e

1 and 2 apply
1 and 3 apply
3 and 4 apply
all of the above apply

A fail safe structure

a)
b)
¢)
d)

1. Has a programmed inspection cycle to detect and rectify faults

2. Is changed before its predicted life is reached

3. Has redundant strength which will tolerate a certain amount of structural
damage

4. Is secondary structure of no structural significance

1 and 2 apply
1 and 3 apply
3 and 4 apply
all of the above apply

The skin of a modern pressurised aircraft

a)
b)
c)
d)

Is made up of light alloy steel sheets built on the monocoque principle

Houses the crew and the payload

Provides aerodynamic lift and prevents corrosion by keeping out adverse weather
Is primary load bearing structure carrying much of the structural loads

The primary purpose of the fuselage is to:

a)
b)
c)
d)

Support the wings

House the crew and payload
Keep out adverse weather
Provide access to the cockpit
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11.

12.

13.

14.

15.

Station numbers (Stn) and water lines (WL) are:

a)
b)
c)
d)

A means of locating airframe structure and components
Passenger seat locations

Runway markings for guiding the aircraft to the terminal
Compass alignment markings

Flight deck windows are constructed from

a)
b)

c)

d)

An amalgam of strengthened glass and vinyl with rubber pressure seals

Strengthened glass with shock absorbing clear vinyl interlayers and rubber pressure
seals

Strengthened clear vinyl with an electrical conducting coat for de-icing and rubber
pressure seals

Strengthened glass with rubber seals

A cantilever wing:

a)
b)
¢)
d)

Is externally braced with either struts and/or bracing wires
Is supported at one end only with no external bracing

Has both an upper an lower airfoil section

Folds at the root section to case storage in confined spaces

A torsion box:

a)
b)

<)
d)

Is a structure within the fuselage to withstand compression, bending and twisting loads.
Is a structure formed between the wing spars, skin and ribs to resist bending and twisting
loads

Is a structure within the wing for housing the fuel tanks, flight controls and landing gear
Is a structure designed to reduce the weight

A lightening hole in a rib

a)
b)
c)
d)

Prevents lightning strikes damaging the fuselage

Provides a means of passing cables and controls through a pressure bulkhead
Collects and disposes of electrical charges

Lightens and stiffens the structure
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16.

17.

18.

19.

20.

Control surface flutter

a)
b)
c)
d)

Provides additional lift for take off and landing in the event of engine failure
Occurs at high angles of attack

Is a destructive vibration that must be damped out within the flight envelope
Is a means of predicting the critical safe life of the wing.

Control surface flutter is minimised by

a)
b)
c)
d)

Reducing the moment of the critical engine
Aerodynamic balance of the control cables

Changing the wings before they reach their critical life
Mass balance of the control surface

A damage tolerant structure

a)
b)

c)
d)

Has degree of structural strength redundancy spread over a large area

Is light, non load bearing structure, damage to which will not adversely affect the
aircraft

Is replaced when it reaches its predicted life

Need not be repaired until the aircraft undergoes deep maintenance

Aircraft structures consists mainly of

a)
b)
¢)

d)

Light alloy steel sheets with copper rivets and titanium or steel materials at points
requiring high strength

Magnesium alloy sheets with aluminium rivets and titanium or steel at points requiring
high strength

Aluminium alloy sheets and rivets with titanium or steel materials at points requiring
high strength

Aluminium sheets and rivets with titanium or steel materials at points requiring high
strength

The Maximum Zero Fuel Mass (MZFM) of an aircraft is

a)
b)
)
d)

The maximum permissible take off mass of the aircraft.

The maximum permissible mass of an aircraft with no useable fuel
The maximum permissible mass of an aircraft with zero payload
The maximum permissible landing mass
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SELF ASSESSMENT ANSWERS.
Question |A [B | C REF Question C | D { REF
1 X 1.1-14 11 1.1-5
2 X 1.1-16 12 1.1-11
3 X 1.1-16 13 1.1-14
4 1.1-3 14 1.1-15
5 X 1.1-11 15 x | 1.1-15
6 X 1.1-1 16 X 1.1-18
7 X 1.1-3 17 x | 1.1-18
8 X 1.1-3 18 1.1-4
9 1.1-8 19 X 1.1-18
10 X 1.1-8 20 1.1-16
1.1-25
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HYDRAULICS BASIC HYDRAULICS

1.1

1.2

INTRODUCTION

Hydraulics is the science relating to the behaviour of liquids under various conditions and in
aircraft the hydraulic system provides a means of operating large and remote components that
it would not be possible to operate satisfactorily by other means. Aircraft systems provide a
means of power transmission through the medium of hydraulics i.e. transmission of power
through an incompressible fluid via pipelines and actuators. Hydraulic systems provide the
power for the operation of components such as landing gear, flaps, flight controls, wheel brakes,
windshield wipers and other systems that require high power, accurate control and rapid
response rates .

PASCAL'S LAW.
Pascal was a 17th century mathematician who stated that:

"If a force is applied to a liquid in a confined space, then this force will be felt equally in all
directions".

/ T N
«— —>
FORCE
E— *—  PRESSURE —7
- —>
\ l /

Figure 1.1

The force employed when a hydraulic system is operated is caused by "Pressure".

This force is not delivered by the hydraulic pump. Hydraulic pressure is created only when an
attempt is made to compress fluids, therefore, if a flow of oil is pumped through an open-ended
tube there will be no pressure, but, if the end of the tube is blocked and the o0il cannot escape,

pressure will at once build up.

Without some form of restriction there can be no pressure.
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1.3

PRESSURE = FORCE PER UNIT AREA = FORCE
AREA

FORCE = TOTAL LOAD AVAILABLE

FORCE = PRESSURE x AREA

A pump is required to deliver a flow of fluid into the system and some form of restriction is
required to obtain pressure. In hydraulic systems this restriction is provided by movable pistons
which travel backwards and forwards in cylinders, these assemblies being known as hydraulic
Jjacks oractuators. As the power required for operating different services, such as: undercarriage,
flaps, spoilers, nosewheel steering, Power Flying Control units etc. varies according to their size
and loading, a "gearing" effect must be provided and this is easily achieved by varying the size
of the actuator pistons, while the hydraulic pressure remains constant.

BRAMAH'S PRESS.

This principle was discovered by Joseph Bramah (1749 - 1814) who invented a hydraulic press
and, in doing so, observed two facts:

a) the smaller the area under load, the greater the pressure generated.

b) the larger the area under pressure, the greater will be the load available.
Refer to Figure 1.2. If a force of 1000 N is applied to piston "A", whose area is 0.002m?
it will produce a pressure of 500 kPa in the fluid.
If piston "B" has an area of 0.004 m* it will support a load of 0.004 m’> x 500 kPa =
2000 N (i.e. F=Px A)

Piston A Piston B
Area = 0.002m? Area = 0.004m?
Force = 1000N Force = 2000N

| !

&= BALANCED =)

The WORK DONE by a machine = FORCE applied x DISTANCE moved
Figure 1.2 The Bramah Press
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Then if piston "A" is moved through a distance of 0.6m, and since work done in the system must
be constant,(assuming no frictional losses), then:

FORCE x DISTANCE (piston A) = FORCE x DISTANCE (piston B)
1000 x 0.6 = 2000 x the distance moved by piston 'B'
so the distance moved by piston 'B'=0.3m
(1000 x 0.6 = 600) = (2000 x 0.3 = 600 Joules)

Thus, for a given fluid pressure the force produced can be varied by adjusting the piston area and
the resultant linear motion will vary in inverse proportion to the area.

This would constitute a Passive Hydraulic System where a force is applied to a piston (piston
A) only when it is desired to move the load (piston B). thereby only generating pressure when
it is required rather than generating and maintaining pressure all of the time and only using it
when something needs to be moved.

A good example of this would be a light aircraft braking system which has a master cylinder to
generate the pressure when the brake pedal is pressed, and a slave cylinder to ‘do the work’ of
moving a piston and applying the brakes. See figure 1.3

Foot pedal

Piston B
Fluid

reservoir

Slave
cylinder

Brake disc

MITTT

Figure 1.3 A Typical Light Aircraft Braking System (only one wheel shown)
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14

HYDRAULIC FLUIDS AND PIPELINES
The efficiency of a hydraulic system is governed by the resistance to motion encountered by the
fluid and, for all practical purposes, hydraulic fluids are considered to be incompressible except

at high pressures, i.e. 27.6 MN/m? and above (276.7 bar or 4300 pounds/square inch).

If a container with a certain volume of liquid has a pressure of 34.6 MN/m? (346 bar) applied it
can be seen that its reduction in volume is small as against a similar air container.

a) Liquid is compressed by only 1% of its original volume, and 99% remains.
b) Air is compressed by 99%3% of its original volume and 4% (1/300) remains.
It should be noted that the pressure in both fluids will be felt equally in all directions.

In practice a certain amount of force is expended in overcoming static resistance, that is friction
between:

a) pistons and cylinders
b) piston rods and bearings/seals or glands
c) fluid and the pipe walls

Large bore pipes and frictionless pistons would allow nearly 100% of the force to be utilised but
would incur large weight and cost penalties.

Friction between pistons and cylinders, piston rods and bearings cannot be completely
eliminated, it can only be lessened by good design and workmanship.The friction between the
walls of the pipes and the fluid depends upon:

a) velocity of the fluid in the pipes.

b) length, bore and the internal finish of the pipes.

c) number of bends.

d) viscosity of the oil.

The variation of the above factors governs the amount of friction and therefore resistance and,

as it is necessary to use glands, seals and backing rings etc to prevent leakage, the most practical
way to counteract this loss in efficiency is to use the correct fluid.
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1.5

SEALS

Seals perform a very important function in a hydraulic system, in preventing leakage of fluid.
Static seals, gaskets and packing are used in many locations, and these effect a seal by being
squeezed between two surfaces. Dynamic seals, fitted between sliding surfaces, may be of many
different shapes, depending on their use and on the fluid pressures involved. "U" and "V" ring
seals are effective in one direction only, but "O" rings and square section seals are often used
where pressure is applied in either direction.

Dynamic seals require lubrication to remain effective, and wetting of the bearing surface, or a
slight seepage from the seals, is normally acceptable. Where high pressures are used, an "O" ring
is normally fitted with a stiff backing ring, which retains the shape of the seal and prevents it
from being squeezed between the two moving surfaces. Seals are made in a variety of materials,
depending on the type of fluid with which they are to be used; if a seal of an incorrect material
is used in a system, the sealing quality will be seriously degraded, and this may lead to failure
of the component. Seals are easily damaged by grit, and a wiper ring is often installed on
actuators to prevent any grit that may be deposited on the piston rod from contaminating the”
seals.

The choice of an aircraft's hydraulic fluid is influenced by the materials used for glands, seals,
rings, seats etc There are two in common use.

a) D.T.D. 585 - a refined mineral based oil (Petroleum). Colour - red. Used with synthetic
rubber seals (Neoprene). Note: DTD 585 is an obsolete specification.
DEF STAN 91-48 replaces D.T.D 585 as the British specification. Other specifications
are H515 NATO, OM15 Joint Service, MIL-H-5606F U.S., all for super clean grades.

b) SKYDROL - a phosphate ester based oil. Colour - Type 500A purple, Type 700 green.
Used with synthetic rubber seals (Butyl). Is fire resistant and less prone to cavitation
because of its higher boiling point.

Hydraulic fluids should be handled with care as they have a deleterious effect on skin,
paintwork, sealing compounds, rubber materials, perspex etc., and they should never be mixed.

It is of major importance that only the specified hydraulic oil or its approved alternative
is used in a hydraulic system. If the incorrect fluid is added to a system breakdown of the seals
is likely causing fluid leakage, both internally within components and externally from the
actuators. The colouring of the fluids assists in their identification and also assists in finding
hydraulic leaks but the specification can only be confirmed by:

a) consulting the aircraft manual

b) only using fluid from sealed containers or the appropriate replenishment rig.
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The ideal properties of a hydraulic fluid are:

a) berelatively incompressible, i.e. up to 27.6 MN/m?* (276 Bar), so ensuring instantaneous
operation.

b) have good lubricating properties for metal and rubber.

c) have good viscosity with a high boiling point (helps prevent vapour locking and

cavitation) and low freezing point e.g. temperature range +80°C to -70°C.

d) have a flash point above 100°C.

e) be non-flammable.

) be chemically inert.

g) be resistant to evaporation.

h) have freedom from sludging and foaming.
i) have good storage properties.

) be non-corrosive.

k) be reasonably priced and readily available.
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1.6 BASIC SYSTEM

As shown in Figure 1.4 there are six main components common to all hydraulic systems:

a) a reservoir of oil, which delivers oil to the pump and receives oil from the actuators.
b) a pump, either hand, engine or electrically driven.
c) a selector or control valve, enabling the operator to select the direction of the flow of

fluid to the required service and providing a return path for the oil to the reservoir.

d) a jack, or set of jacks or actuators, to actuate the component.
e) a filter, to keep the fluid clean.
f) a relief valve, as a safety device to relieve excess pressure.

R

RESERVOIR

PRESSURE
FILTER

SELECTOR
VALVE

ACTUATOR

Figure 1.4 Basic Hydraulic System
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1.7

RESERVOIR

ENGINE DRIVEN
PUMP

PRESSURE
FILTER

SELECTOR
VALVE

SERVICE
SERVICE

ACTUATOR ACTUATOR

Figure 1.5 Open Centre System

OPEN-CENTRE SYSTEM

The main advantage of this system is that it is simple, the main disadvantage is that only one
service can be operated at a time. As shown in Figure. 1.5 fluid is passed directly to the reservoir
when no services are being operated, this allows the engine driven pump to run in an ‘off loaded’
condition as little pressure is generated but there is still a flow of oil through the pump to cool
and lubricate it.

On selection of a user system the fluid is directed to the actuator, which will move. When the
actuator reaches the end of its travel pressure will build up to a value when the selector is
returned to neutral in order to off load the pump and allow alternative selections to be made. the
relief valve will relieve excess pressure if the selector does not return to its neutral position.
This type of system is popular in many light aircraft which do not require a constant pressure to
be maintained all the time as only items like landing gear and flaps will be powered for short
periods of time each flight.

Light aircraft may alternatively be fitted with a self contained power pack, the pack may operate
the landing gear retraction system, they are also be used on large aircraft as emergency systems
or to operate freight doors, etc.
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RESERVOIR
PUMP
PRESSURE
FILTER
NON-RETURN
ACCUMULATOR <— VALVE

RELIEF VALVE

77

O

SELECTOR
VALVE

ACTUATOR  ACTUATOR

Figure 1.6 Closed System

1.8 CLOSED SYSTEM

With this type of system, operating pressure is maintained in that part of the system which leads
to the selector valves, and some method is used to prevent over-loading the pump. In systems
which employ a fixed volume pump (constant delivery) an automatic cut-out valve is fitted, to
divert pump output to the reservoir when pressure has built up to normal operating pressure. In
other systems a variable volume pump (constant pressure) is used, delivery being reduced as
pressure increases, whilst in some simple light aircraft systems, operation of an electrically-
driven pump is controlled by a pressure-operated switch. A simple closed system is illustrated
in Figure 1.6.
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1.9 RESERVOIRS

A reservoir provides both storage space for the system fluid, and sufficient air space to allow for
any variations of fluid in the system which may be caused by:

a) jack (actuator) ram displacement, since the capacity of the jack is less when
contracted than extended.

b) thermal expansion, since the volume of oil increases with temperature.

c) it provides a head of fluid for the pump.

d) it compensates for small leaks.

Most reservoirs are pressurised, to provide a positive fluid pressure at the pump inlet, and to
prevent air bubbles from forming in the fluid at high altitude. The fluid level will vary according

to:
a) the position of the jacks.
b) whether the accumulators are charged.
c) temperature.

Air pressure is normally supplied from the compressor section of the engine, or the cabin
pressurisation system. Refer to Figure. 1.7. A reservoir also contains a relief valve, to prevent
over pressurisation; connections for suction pipes to the pumps, and return pipes from the
system; a contents transmitter unit and a filler cap; and, in some cases, a temperature sensing
probe. In systems which are fitted with a hand pump, the main pumps draw fluid through a stack
pipe in the reservoir. This ensures that, if fluid is lost from that part of the system supplying the
main pumps, or supplied solely by the main pumps, a reserve of fluid for the hand pump would
still be available.

NORMAL
LIQUID LEVEL |-
- PRESSURE
— REDUCING
u VALVE
SIGHT | STRAINER
GLASS|

' <& FLUID
RETURN

TEMP
“="<=SENSOR

'HAND PUMP
SUPPLY

STACK PIPE

Figure 1.7 Reservoir
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1.10

FILTERS

Filters are fitted in both suction and pressure lines i.e. both sides of the pump and sometimes in
the return line to the reservoir; a suction filter to protect the pump, and a pressure filter to ensure
the cleanliness of fluid during use. They remove foreign particles from the fluid, and protect the
seals and working surfaces in the components. In addition, individual components often have a
small filter fitted to the inlet connection, and constant pressure pumps will have a "case drain
filter" to help monitor pump condition.

Some filters are fitted with a device which senses the pressure differential across the filter
element, and releases a visual indicator, in the form of a button or illuminates a warning lamp,
when the pressure differential increases as a result of the filter becoming clogged. False
indication of element clogging, as a result of high fluid viscosity at low temperature, is prevented
by a bi-metal spring which inhibits indicator button movement at low temperatures.

Other filters are fitted with a relief valve, which allows unfiltered fluid to pass to the system
when the element becomes clogged; this type of filter element must be changed at regular
intervals. Paper filter elements are usually discarded when removed, but elements of wire cloth
may usually be cleaned. Cleaning by an ultrasonic process is normally recommended, but if a
new or cleaned element is not available when the element becomes due for check, the old
element may be cleaned in trichloroethane as a temporary measure.

OIL
IN

BY-PASS
VALVE

(SHOWN
CLOSED)

OIL
OouT

SEAL -

FILTER ELEMENT

FILTER HOUSING

Figure 1.8 Filter
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1.11

PUMPS
Draw oil from the reservoir and deliver a supply of fluid to the system. Pumps may be:

a) hand operated

b) engine driven

c) electric motor driven

d) pneumatically (air turbine motor) (ATM)

e) ram air turbine (HYDRAT or RAT)

f) hydraulically (Hyd. motor driving a hyd. pump) Known as a Power Transfer Unit or
PTU.

In most cases the ATM, RAT or PTU is used to provide an alternate supply as part of the

redundancy provision for the safe operation of the aircraft.

Hand Pumps may be the only source of power in a small, light hydraulic system, but in larger
aircraft are employed:

a) to allow ground servicing to take place without the need for engine running.
b) so that lines and joints can be pressure tested.
c) so that cargo doors etc., can be operated without power.

The hand pump is usually a double acting pump (delivers oil on both strokes) in a very compact
body. It incorporates non-return valves, and a relief valve which can be set to relieve at any
required pressure, typically this is about 10% above normal system pressure. Refer to Figure 1.9.

OUTLET

RELIEF &

VALVE T T INLET

Figure 1.9 Hand Pump
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Engine driven pumps (EDP) or electrically driven pumps may be classified as follows:

a) Constant Delivery (Fixed Volume) Type Pump. This pump supplies fluid at a
constant rate and therefore needs an automatic cut-out or relief valve to return the fluid
to the reservoir when the jacks have reached the end of their travel, and when the system
is not operating, it requires an idling circuit. The pump gives a large flow at small
pressure and is usually a single or double stage gear pump.

Figure 1.10. A Spur Gear Type Oil
Pump.
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b)

BASIC HYDRAULICS

Constant Pressure (Variable Volume) Pump. This pump supplies fluid at a variable
volume and controls its own pressure, this type of pump is typically fitted in modern
aircraft whose systems operate at 3,000-4,000 psi.. The cylinder block and drive shaft
are co-axial and rotate carrying the pistons with them which slide up and down in the
cylinder block. The pistons are attached to shoes which rotate against a stationary yoke,
and the angle between the yoke and cylinder block is varied to increase or decrease
piston stroke thus increasing or decreasing pump output.

Figure 1.11 and 1.12 shows the operation of the pump. When pressure in the system is
low, as would be the case following selection ofa service, spring pressure on the control
piston turns the yoke to its maximum angle, and the pistons are at full stroke, delivering
maximum output to the system. When the actuator has completed its stroke, pressure
builds up until the control piston moves the yoke to the minimum stroke position; in this
position a small flow through the pump is maintained, to lubricate the working parts,
overcome internal leakage and dissipate heat. On some pumps a solenoid-operated
depressurising valve (off load valve) is used to block delivery to the system, and to off-
load the pump. System pressure is maintained and the pump output falls to 50 - 200 psi
approx allowing oil to circulate, lubricating and cooling the pump. The solenoid is
energised when the pump is off-loaded.

PISTON

m

DRIVE
SHAFT INLET
CYLINDER
‘ BLOCK
OUTLET
SHOE
YOKE OR CASE CONTROL
SWASH PLATE DRAIN PISTON

Figure 1.11 Constant Pressure Pump at Maximum Stroke
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PISTON
DRIVE
SHAFT INLET
— CYLINDER
BLOCK
OUTLET
SHOE
YOKE OR CASE CONTROL
SWASH PLATE DRAIN PISTON

Figure 1.12 Constant Pressure Pump at Minimum Stroke
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1.12

AUTOMATIC CUT OUT VALVES (ACOYV)

A automatic cut-out valve (ACOV) is fitted to a system employing a constant delivery (fixed
volume) pump, to control system pressure and to provide the pump with an idling circuit when
no services have been selected. An accumulator is fitted as part of the power system when a cut-
out is fitted, since any slight leakage through components, or from the system, would result in
frequent operation of the cut-out, and frequent loading and unloading of the pump. The
accumulator maintains the system pressure when the pump is in its ‘cut out’ position.

IDLING FLOW
e

POPPET VALVE

i
TO

RESERVOIR

Qi TO SYSTEM
FROM PUMP NRY

Figure 1.13 Automatic Cut Out Valve (ACOV)

The automatic cut-out valve in its ‘cut in © position allows the delivery from the pump to pass
through the non return valve and pressurise the system. When system pressure has been reached
the piston is forced upwards by the pressure acting underneath it and opens the poppet valve
allowing the output of the pump to pass to the reservoir at low pressure. The ACOV is now in
its ‘cut out’ position allowing the pump to be off loaded but still maintaining a lubricating and
cooling flow.

The NRV holds system pressure with the aid of the accumulator. If system pressure falls, due
to a service being selected, the piston falls, closing the poppet valve and allowing the rising
pump pressure to be delivered through the NRV to the system again (cut in).

The time between cut-out (off-load) and cut-in (on-load) (periodicy) of the ACO valve is a good
indication of the condition of the system.

a) External leakage will cause a reduction in the operating period with frequent loading and
unloading of the pump; also with a loss of system fluid.

b) Internal leakage, usually caused by a piston seal failure, will also cause frequent loading
and unloading of the pumps; although with no fluid loss there could be an increase in
fluid temperature.
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1.13

HYDRAULIC ACCUMULATORS

An accumulator is fitted:

a) to store hydraulic fluid under pressure.

b) to dampen pressure fluctuations.

c) to allow for thermal expansion.

d) to provide an emergency supply of fluid to the system in the event of pump failure.

e) to prolong the period between cut-out and cut-in time of the ACOV and so reduce the
wear on the pump.

f) provides the initial fluid when a selection is made and the pump is cut-out.

CHARGING
POINT

LIQUID

FLEXIBLE

SEPARATOR OR DIAPHRAGM

FLOATING PISTON

Figure 1.14 Hydraulic Accumulators

A non-return valve fitted upstream of an accumulator, prevents fluid from being discharged back
to the reservoir. .

Two different types of accumulator are illustrated in Figure. 1.14 but many other types are used.
The accumulators shown are the most commonly used.

The gas side of the accumulator is charged to a predetermined pressure with air or nitrogen. As
hydraulic pressure builds up in the system, the gas is compressed until fluid and gas pressures
equalise at normal system pressure. At this point the pump commences to idle, and system
pressure is maintained by the accumulator. If a service is selected, a supply of fluid under
pressure is available until pressure drops sufficiently to bring the pump on line.
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1.14

The initial gas charge of the accumulator is greater than the pressure required to operate any
service, and the fluid volume is usually sufficiently large to operate any service once; except that
brake accumulators permit a guaranteed number of brake applications, or the ability to stop the
aircraft during a rejected take off.

The gas side of an accumulator is normally inflated through a charging valve, which may be
attached directly to the accumulator, or installed on a remote ground servicing panel and
connected to the accumulator by means of a pipeline. The charging valve usually takes the form
of a non-return valve, which may be depressed by means of a plunger in order to relieve
excessive pressure. To pre-charge or check, the gas pressure, the system pressure should be
released (oft-loaded). This will allow the gas pressure to move the floating piston to the bottom
of the accumulator.

Incorrect pre-charge pressure of the main accumulator can cause the ACOV to cut in and out too
frequently. This may cause rapid fluctuations of system pressure which can be felt and heard as
‘hammering’ in the system.

HYDRAULIC JACKS (ACTUATORS)

Purpose: To convert fluid flow into linear or rotary motion. Refer to Figure. 1.15.

Construction: They vary in size and construction depending on the operating loads, but all
consist of:

An outer cylinder in which slides a piston and seal assembly. Attached to the piston is
a piston rod (or ram) which passes through a gland seal fitted into the end of the
cylinder.

SINGLE BALANCED DOUBLE
ACTING ACTUATOR ACTING
ACTUATOR , ACTUATOR

Figure 1.15 Hydraulic Actuators
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1.15

1.16

Types of Jacks (Actuators). Three types of jack are used for different purposes in an aircraft
system. Details of a particular jack should be obtained from the relevant maintenance manual.

Single Acting. Is normally used as a locking device, the lock being engaged by spring pressure
and released by hydraulic pressure. A typical application is a landing gear up-lock.

Double Acting Unbalanced. Is used in most aircraft systems. Because of the presence of the
piston rod the area of the top of the piston is greater than the area under it. Consequently, more
force can be applied during extension of the piston rod. Therefore, the operation which offers
the greater resistance is carried out in the direction in which the piston rod extends; for example,
in raising the landing gear.

Differential Areas. It should be noted that the area of the upper side of the piston is greater than
the area of the lower side by the amount equal to the area of the piston rod; therefore the force
acting on it will be greater on the larger area.

Double Acting Balanced Jack. A balanced actuator, in which equal force can be applied to
both sides of the piston, is often used in applications such as nose-wheel steering and flying
control boost systems. Either one or both sides of the piston rod may be connected to a
mechanism.

HYDRAULIC LOCK

When fluid is trapped between the piston of the jack and a non-return valve, a "hydraulic lock"
is said to be formed. Because the fluid is incompressible and is unable to flow through the
system, the piston cannot move even if a load is applied to it and is therefore locked in its
position.

HYDRAULIC MOTORS

These are a form of rotary actuator, and are sometimes connected through gearing to operate a
screw jack, or to drive generators or pumps. In some aircraft they are used for driving a hydraulic
pump unit, thus enabling power to be transferred from one hydraulic system to another without
transferring fluid. The construction of a hydraulic motor is generally similar to the construction
of a variable volume multi-piston pump. The speed of a hydraulic motor is dependent on the flow
rate of oil into it.
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1.17

PRESSURE CONTROL

Maximum system pressure is often controlled by adjustment of the main engine-driven pump,
but a number of other components are used to maintain or limit fluid pressures in various parts
of a hydraulic system. (Typical system pressure; small aircraft 1500 psi, large aircraft 3000 psi).

a) Relief valves for:
1) expansion (thermal relief).
ii) ultimate system protection (full flow relief).
iii) mechanical overload protection (flap relief).

All act as safety devices to relieve excess pressure in the system back to reservoir. In the case
of a flap relief valve, this valve is fitted to prevent excessive air loads damaging the flaps or flap
attachments by allowing the flaps to blow back to the 'UP' position if the air loads are excessive,
i.e. flaps selected 'down' at too high an airspeed.

Thermal relief valves are usually fitted into lines isolated by NRV's or selectors and are adjusted
to blow off at a pressure slightly higher than normal system pressure, typically 10%

In some systems a full flow relief valve or high pressure relief valve is fitted down stream of the
pump to by-pass full pump output to the reservoir in the event of failure of the cut out valve or
blockage elsewhere in the system.

FULL - FLOW RELIEF VALVE

—> RESERVOIR

VALVE
VALVE

SEAT SPRING

SEAT
BALL -TYPE RELIEF VALVE

RESERVOIR SYSTEM

Figure 1.16 Relief Valves
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b) Pressure Maintaining Valves. A pressure maintaining valve, or priority valve, is
basically a relief valve which maintains the pressure in a primary service at a value
suitable for operation of that service, regardless of secondary service requirements.

SECONDARY
—> SERVICES
PRESSURE PRIMARY
INLET —> SERVICES

Figure 1.17 Pressure Maintaining Valves.

c) Pressure Reducing Valves. A pressure reducing valve is often used to reduce main
system pressure to a value suitable for operation of a service such as the wheel brakes.

— > RETURN

<—— INLET

LOW PRESSURE
SUB-SYSTEM

Figure 1.18 Pressure Reducing Valve

d) Brake Control Valves. A brake control valve is essentially a variable pressure reducing
valve, which controls pressure in the brake system according to the position of the pilot's
brake pedals, the anti-skid system and auto-brake selections as required.
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1.18 FLOW CONTROL

The components described in this paragraph are used to control the flow of fluid to the various
services operated by the hydraulic system.

a) Non-return Valves. The most common device used to control the flow of fluid is the
non-return valve, which permits full flow in one direction, but blocks flow in the
opposite direction. Simple ball-type non-return valves are included in Figure. 1.19.
When a non-return valve is used as a separate component, the direction of flow is
indicated by an arrow moulded on the casing, in order to prevent incorrect installation.
This valve is also known as a One Way Check valve or Non Reversible valve.

OUTLET PORT : INLET PORT

Figure 1.19. A Simple Non-Return Valve.

b) Restrictor Valves (or choke). A restrictor valve may be similar in construction to a
non-return valve, but a restrictor valve is designed to permit limited flow in one
direction and full flow in the other direction; the restriction is usually of fixed size, as
shown in Figure. 1.20. A restrictor valve is used in a number of locations in order to
limit the speed of operation of an actuator in one direction only. It may, for instance, be
used to slow down flap retraction or landing gear extension.

Figure 1.20. Restrictor Valve.
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c)

d)

BASIC HYDRAULICS

Selectors. The purpose of a selector is to direct fluid to the appropriate side of an
actuator, and to provide a return path for fluid displaced from the opposite side of that
actuator.

Electrically-operated Selectors. It is sometimes convenient to locate a selector valve
at a position remote from the crew compartment. To eliminate the need for extensive
mechanical linkage the selector is operated electrically, it may be a motor driven or
solenoid controlled selector.

Shuttle Valves. These are often used in landing gear and brake systems, to enable an
alternate system to operate the same actuators as the normal system. During normal
operation, free flow is provided from the normal system to the service and the alternate
line is blocked. When normal system pressure is lost and the alternate system is selected,
the shuttle valve moves across because of the pressure difference, blocking the normal
line and allowing the alternate supply to operate the brakes. A typical shuttle valve is
shown in Figure. 1.21

SERVICE

SHU'I\'TLE

ALTERNATE
SUPPLY

Figure 1.21. A Shuttle Valve.
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f) Sequence Valves. Sequence valves are often fitted in a landing gear circuit to ensure
correct operation of the landing gear doors and jacks. Refer to Figure 1.22.

SECONDARY
PRESSURE
LANDING
GEAR DOOR FLUID

JACK

PRESSURE
PLUNGER

VALVE
PISTON
¢/ SELECTOR
PLUNGER
LANDING GEAR
RETRACTION JACK ‘DOWN’
MECHANI PLUNGER IN LINE
PRESSURE

HYDRAULIC (‘DOWN’ SELECTED)
Figure 1.22 A Sequence Valve.

g) Modulators. A modulator is used in conjunction with the anti-skid unit in a brake
system. It allows full flow to the brake units on initial brake application, and thereafter
a restricted flow.

h)  Flow Control Valves. A flow control valve may be fitted in a hydraulic system to

maintain a constant flow of fluid to a particular component; it is frequently found
upstream of a hydraulic motor which is required to operate at a constant speed.
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i) Fuses. Modern jet aircraft are dependent on their hydraulic systems, not only for raising
and lowering the landing gear, but for control system boosts, thrust reversers, flaps,
brakes, and many auxiliary systems. For this reason most aircraft use more than one
independent system; and in these systems, provisions are made to fuse or block a line
if a serious leak should occur.

Of the two basic types of hydraulic fuses in use, one operates in such a way that it will
shut off the flow of fluid if sufficient pressure drop occurs across the fuse.

A second type of fuse, does not operate on the principle of pressure drop, but it will shut
off the flow after a given amount of fluid has passed through the line.

Normal operation of the unit protected by this fuse does not require enough flow to
allow the piston to drift completely over and seal off the line. If there is a leak, however,
sufficient fluid will flow that the piston will move over and block the line. Wheel brakes
are invariably protected by fuse units.

1.19 INSTRUMENTATION

Indication of system condition and functioning is required in the cockpit or Flight Deck.
Light aircraft utilise some form of warning lamp, indicating the operation of the electric (pump)
motor in addition to undercarriage and flap warning lights or indicators. Larger aircraft will have
the means of indicating contents, pressure and temperature of the system and, generally, varying
means of dealing with abnormal operating conditions.
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Figure 1.23 Quantity Indicators
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ZFEEM ‘ “YELL

Courtesy of Airbus Industrie

Figure 1.24 Modern Pressure Indicators

The diagram above shows an electronic display from an Airbus aircraft displaying the hydraulic
system configuration and indications. Three separate systems can be seen along with relevant
valve positions, quantity, pump status and pressures. The accumulator for the ‘green’ system is
showing a low air pressure caption.

a) Quantity Indicators. A clear window fitted in the reservoir provides a means of checking fluid
level during servicing, but the reservoir may also be fitted with a float-type contents unit, which
electrically signals fluid quantity to an instrument on the hydraulics panel in the crew
compartment.
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b) Pressure Relays. A pressure relay is a component which transmits fluid pressure to a
direct reading pressure gauge, or to a pressure transmitter which electrically indicates
pressure on an instrument on the hydraulics panel.

Figure 1.25 Pressure Relays

c) Pressure Gauges. Electrically operated pressure gauges are fitted on the hydraulics
panel, to register main and emergency system pressure. Direct reading gauges are often
fitted to the accumulators and reservoirs, to enable servicing operations to be carried
out.

d) Pressure Switches. Pressure switches are often used to illuminate a warning lamp, and
to indicate loss of fluid pressure, or loss of air pressure in a reservoir.

e) Flow Indication. A flow indicator valve is often fitted in the outlet line from a constant
delivery pump, and is used to provide warning of pump failure.

f) Temperature Indication. Warning of fluid overheating is normally provided by a
temperature sensing element in the reservoir. Warning of overheating of electrical
motors which are used to operate emergency pumps, is normally provided by fitting a
similar element in the motor casing.
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1.20 COMPONENTS FOR SERVICING PURPOSES

A number of components are included in the hydraulic system specifically to facilitate servicing.
These components are normally located in the hydraulic equipment bay.

a) Quick-disconnect and Ground Servicing Couplings. In positions where it is
necessary to frequently disconnect a coupling for servicing purposes, a self-sealing,
quick-disconnect coupling is fitted. The coupling enables the line to be disconnected
without loss of fluid, and without the need for subsequent bleeding.

b) Pressure Release Valves or Off Load Controls. Are fitted to enable pressure to be
released from the system for servicing purposes. The valves are manually operated, and
used prior to checking and setting pre change pressures or reservoir levels.

c) Drain Cocks (valves). Drain cocks (valves) are generally simple manually operated
spherical valves, and are located in the hydraulics bay at the lowest point in the system
to enable the fluid to be drained.

d) Shut-off Valves. These are fitted at the engine bulkhead (firewall) and will enable the
fluid supply to the engine driven pumps to be stopped in the event of engine fire or
component replacement. They are usually spherical ball cocks,(valves) which allow
unrestricted flow when open.

e) Fluid Sampling Points. Fluid sampling points are suitably positioned in the suction
and pressure lines, to enable samples of fluid to be removed for analysis.

1.21 POWERED FLYING CONTROLS

Sub-system. A hydraulic sub-system for the operation of the flying controls, is often fed
through a priority valve or pressure maintaining valve, which ensures that fluid under pressure
is always available; the sub-system may also have a separate accumulator. Most modern aircraft
will have alternate hydraulic supplies available for flight controls. Two, three or even four
independent hydraulic systems can simultaneously supply power for primary flying controls.

A complete system is shown in figs. 1-26 and 1-27. The position and purpose of the major
components are illustrated. '
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1.22

HIGH PRESSURE PNEUMATIC SYSTEMS

High pressure pneumatic systems are not generally used on modern transport aircraft as large
components such as landing gear are raised and lowered more efficiently by hydraulic power.
However these systems are still in use on aircraft such as the F.27. Compressed air has some
advantages over other systems e.g.

1. Air is universally available and is FREE.

2. Air is lighter than hydraulic fluid.

3. No fire hazard.

4. No viscosity problems with changes of temperature.

5. The system is lighter because no return lines are required

The major disadvantage of air is its compressibility.

The diagram shown depicts the high pressure, closed centre system used on the F.27. The four
stage compressor is driven from the accessory gearbox of the turbo-prop engines. The unloading
valve ensures that the system pressure is maintained at 3300psi. A shuttle valve enables the
system to be charged from an external source.

Two components provide protection against the possibility of water freezing in the system ,
1. A moisture separator, which removes 98% of the water present in the air.
2. A dryer which removes the remaining water using a desiccant such as silica gel or
anhydrous aluminium silicate.

A 10 micron filter ensures that the air is clean before it enters the system. Three air bottles
(reservoirs, accumulators) are provided to store the hp air ready for instant use. The 750 cubic
inch for the main system, a 180 cubic inch for the brakes and a180 cubic inch for emergency use.
Most of the components operate with a pressure of 1000 psi, so the air is passed through a
reducing valve before being used by the landing gear, passenger door, nose wheel steering and
propeller brake.
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HYDRAULIC SELF ASSESSMENT QUESTIONS

1. A force of 100N is applied to 2 separate jacks, the area of one is 0.02m? and the other is 0.04m?:
a) the smaller jack will exert a pressure of 2000Pa and the larger 4000 Pa
b) the smaller jack will exert a pressure of 5000 Pa and the larger 2500 Pa
c) both jacks will move at the same speed.
d) both have the same load.
2. A pre charge pressure of 1000 bar of gas is shown on the accumulator gauge. The system is then

pressurised to 1500 bar, so the accumulator will read:

a) 500 bar
b) 1000 bar
c) 1500 bar
d) 2500 bar
3. The pressure gauge of an hydraulic system provides information regarding the pressure of:
a) the air in the accumulator.
b) the air and hydraulic fluid in the system.
c) the proportional pressure in the system.

d) the hydraulic fluid in the system.
4, A shuttle valve:

a) is used to replace NRVs.

b) allows two supply sources to operate one unit
c) allows one source to operate two units
d) acts as a non-return valve

5. Def. Stan 91/48 is ---------- and is ------------- based:
a) red , mineral
b) red , synthetic
c) green, mineral

d) purple, synthetic
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6. A restrictor valve:
a) is used to restrict the number of services available after loss of system pressure.
b) controls the rate of movement of a service
c) controls the rate of build up of pressure in the system
d) controls the distance a jack moves
7. With a hyd lock there is:
a) flow, but no jack movement
b) no flow but jack continues to move under gravitational effects.
c) no flow, jack is stationary
d) constant flow
8. The hydraulic fluid is changed, but the wrong fluid is replaced. This would lead to:
a) high operating fluid temperature
b) system failure from leaks and blocked filters, high temp and possible corrosion.
c) seal damage and jack corrosion
d) normal operation
9. Accumulator floating piston:

a) pushes the fluid up when being charged.
b) pushes the fluid down when being charged
c) provides a seal between the gas and fluid
d) prevents a hydraulic lock

10. A relief valve:
a) relieves below system pressure.
b) maintains pressure to a priority circuit.
c) relieves at its designed pressure.
d) prevents excessive pressure through increased fluid temperature.

11. The primary purpose of a hydraulic reservoir is: *

a) to compensate for leaks and expansion.

b) to allow a space into which spare fluid may be stored.
c) to indicate system contents.

d) to maintain fluid between a jack and the accumulator.
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12. With air in the hydraulic system you would:

a) ignore it because normal operation would remove it.
b) bleed the air out of the system.

c) allow the accumulator to automatically adjust itself.
d) expect it to operate faster.

13. The pressure filter in a hydraulic system:

a) filters the fluid returning to the tank.
b) is fitted down stream of the pump.
c) can be by passed when maximum flow is required.
d) clears the fluid as it leaves the reservoir.
14. Pascal’s law states that
a) pressure is inversely proportional to load
b) liquid is compressible
c) oxygen can be used to charge the accumulators.
d) applied force acts equally in all directions.
15. A constant pressure hydraulic pump is governed by:
a) an automatic cut out.
b) engine RPM.
c) a control piston.
d) a swash plate that senses the fluid temperature.

16. A high pressure hydraulic pump:

a) needs a positive fluid supply.
b) does not need a positive fluid supply.
c) outlet pressure is governed by centrifugal force.
d) does not need a cooling fluid flow.
17. Case drain filters are :
a) fitted to prevent debris from the reservoir reaching the system
b) designed to allow hydraulic pump lubricating fluid to drain to atmosphere
c) to enable pump lubricating fluid to be used to monitor pump condition
d) fitted in the reservoir outlet
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18.

19.

20.

21.

22.

23.

BASIC HYDRAULICS
The purpose of an accumulator is to:
a) relieve excess pressure.
b) store fluid under pressure.
c) store compressed gas for tyre inflation.
d) remove air from the system.
With a one way check valve (NRV):
a) flow stops when input pressure is greater than output pressure.
b) flow stops when the thermal relief valve off loads the hand pump.
c) flow starts when input pressure is less than output pressure.
d) flow stops when input pressure is less than output pressure.

A restrictor valve is physically fitted in the:

a) u/c up line and flap up line.

b) u/c down line and flap up line.
c) w/c down line and flap down line.

d) supply line to the w/c retraction actuator.

In the case of a failure of a cut-out valve:

a) a full flow relief valve is fitted down stream of it.
b) a full flow relief valve is fitted upstream of it.
c) a full flow relief valve is not required.

d) the terminal pressure will be controlled by adjusting the pump RPM.

Hydraulic pressure of 3000Pa is applied to an actuator, the piston area of which is 0.02m? and

the same pressure is exerted on actuator whose area is 0.04m?

a) both have the same force.

b) both jacks will move at the same speed.
c) the smaller jack will exert a force of 600N and the larger 1200N
d) the smaller jack will exert a force of 60N and the larger 120N

A separator in an accumulator:

a) isolates the gas from the fluid.

b) reduces the size of the accumulator required.

c) removes the dissolved gases from the fluid.

d) maintains the fluid level in the reservoir.
2.1-38
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24, In an operating hydraulic actuator the pressure of the fluid will be:

a) greatest near to the actuator due to the load imposed on the jack.
b) greatest at the opposite end to the actuator due to the load imposed on the actuator
c) high initially, falling as the actuator completes its travel.
d) the same at all points.
25. The contents of the hydraulic fluid reservoir are checked. They indicate that the reservoir is at

the full level. The system is then pressurised. Will the contents level:

a) fall below the "full" mark.

b) fall to a position marked 'full accs charged'.
c) remain at the same level.
d) rise above the "full" mark.
26. A pressure maintaining or priority valve:
a) enables ground operation of services when the engines are off.
b) is used to ensure available pressure is directed to essential services.
c) is used to control pressure to services requiring less than system pressure.
d) is used to increase pressure in the sys

217. A hydraulic lock occurs:

a) when the thermal RV operates.

b) when fluid by passes a system and returns to the tank.

c) when flow is stopped and the actuator is not able to move .

d) when fluid and air enters the cylinder and only fluid is allowed to bypass to the

TEServoir.

28. In an enclosed system pressure is felt:

a) more at the piston head than the rest of the cylinder.

b) more at the cylinder end than the piston head.

c) more when the piston is moving than when it is stationary.

d) the same at both ends between the piston and the cylinder head.
29. A non return valve:

a) can only be fitted if provided with a by pass selector.

b) closes if inlet pressure exceeds outlet pressure.

c) opens if inlet pressure equals outlet pressure.

d) closes if inlet pressure ceases.
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30.

31.

32.

33.

34.

35.

Low gas pressure in accumulator causes:

a) rapid jack movements.

b) no effect on system.

c) rapid pressure fluctuations while system is operating.
d) rapid and smooth operation of system.

Hammering in system:

a) is normal and does not affect the systems efficiency.
b) is caused by pipe diameter fluctuations.

c) is an indication that a further selection is necessary.
d) is detrimental to the system.

The specification of hydraulic fluids (mineral, vegetable or ester based) is:

a) always distinguishable by taste and smell.
b) generally distinguishable by colour.
c) generally distinguishable by colour only if they are from the same manufacturer.

d) not generally distinguishable by colour.

An ACOV will:

a) provide an idling circuit when a selection is made.

b) extend the life of the accumulator.

c) provide an idling circuit when the accumulator is fully charged.
d) ensure the pump is always on load.

Emergency air bottle may be used:

a) to compensate for a low fluid level in reservoir.

b) to charge the accumulators in an emergency.

c) an emergency power supply in the event of main system fluid pressure loss.
d) an emergency power supply to raise the undercarriage.

Fluid level in a reservoir will, when pressurised:

a) fall.

b) rise.

c) only change when the systems are operated.
d) remain the same.

2.1-40 © Oxford Aviation Services Limited



HYDRAULICS BASIC HYDRAULICS

36. The purpose of a reservoir is to:
a) compensates for temperature changes.
b) compensates for small leaks, expansion and jack displacement.
c) compensates for fluid loss.
d) to minimise pump cavitation.
37. When the hydraulic system pressure is released
a) reservoir air pressure will increase.
b) reservoir fluid contents will rise if reservoir is lower than other components in the
system.
c) reservoir fluid contents will fall if reservoir is the highest point in the system.
d) reservoir contents are dumped overboard.
38. Hydraulic pressure in a closed system:
a) is greater in pipes of larger diameters.
b) is greater in pipes of smaller diameters.
c) does not vary with pipe diameter.
d) varies in direct proportion to the system demands.
39. The materials used for moving or sliding seals in hydraulic systems are:
a) synthetic rubber with vegetable oils.
b) natural rubber with man made oils.
c) natural rubber with mineral oils.

d) butyl rubber with chemically made oils.

40. The seal material and fluid source:

a) will be the same always.

b) are not the same - mixed freely.

c) are sometimes variable.

d) are simply chosen according to the supplies available.
41. A variable displacement pump on system startup will be at:

a) minimum stroke.

b) an optimised position depending on fluid viscosity.

c) maximum stroke.

d) mid stroke.
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42.

43.

44,

45.

46.

The purpose of a reservoir is:

a) to provide a housing for the instrument transmitters.

b) to enable the contents to be checked.

c) to allow for fluid displacements, small leaks, thermal expansion and contents
monitoring.

d) to provide a housing for the main system pumps and so obviate the need for backing
pumps.

A hand pump will draw its supply from:

a) the stack pipe.

b) above the normal level.
c) through the U tube to prevent syphoning.
d) the bottom of the reservoir.

A main system hydraulic pump:

a) does not need a positive fluid supply if primed before startup.

b) always needs a positive fluid supply in order to prevent cavitation.
c) does not need a positive fluid supply in order to prevent cavitation.
d) can be run dry without causing any damage.

Different diameter actuators supplied with the same pressure at same rate:

a) exert the same force.

b) will move at different speeds.
c) will move at the same speed.
d) exert different forces.

A force of 1500 N is applied to a piston of area 0.002m” and generates a force of-----(1)------ N
on a piston of area 0.003m’. The pressure generated is ----- (2)-----and, if the smaller piston
moves 0.025m, the work done is-----(3)------ .

a) (1) 56.25] (2) 750000Pa  (3) 750000N
b)  (1)750000N  (2)2250P  (3)56.25J
) (1) 225N (2) 75000Pa  (3)562.5]
d)  (12250N)  (2)750000Pa (3)37.5]
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47.

48.

49.

50.

The following statements relate to hydraulic accumulators. The function of a accumulator is to:

. Store fluid under pressure

. Dampen pressure fluctuations

. Allow for fluid expansion

. Replace the need for a reservoir

. Absorb some of the landing loads

. Allow for thermal expansion

. Prolong the period between pump cut-in and cut-out

. Provide the initial pressure when a selection is made and the pump is cut out
. Provide an emergency reserve of pressure in the event of pump failure

N2l N e WY L

Which of the following applies?

a) All of the statements are correct

b) None of the statements are correct
c) Statements 1,2,3,4,5,8,9 are correct.
d) Statements 1,2,3,6,7,9, are correct.

The seal materials used with hydraulic fluids to DEF/STAN 91-48 and SKYDROL 700
specification are respectively

a) Natural rubber and neoprene
b) Neoprene and natural rubber
c) Butyl and neoprene

d) Neoprene and butyl

To prevent cavitation of the pump a hydraulic reservoir may be:-

a) pressurised
b) bootstrapped
c) above the pump

d) all of the above

A hand pump is usually fitted :

a) for ground servicing purposes

b) lowering the landing gear in an emergency
c) pressurising the oleo struts in the air

d) retracting the gear after take-off.
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HYDRAULIC QUESTIONS (1) ANSWER SHEET.
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HYDRAULIC QUESTIONS 1 ANSWER SHEET.

BASIC HYDRAULICS

No | A | B ] c [ b [rer][ mo B | ¢ | p |rer
1 1l REV |
2 * *
3 * *
4 * *
s || * * "
6 * *
7 * *
8 * *
|
9 * *
10 *
o *
12 * *
13 * *
14 * *
15 *
1l
16 || * *
17 * *
18 * *
19 * *
20 || * *
21 || * * |
22 * *
3 | * *
24 * *
25 | * L
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1.1

1.2

1.3

14

INTRODUCTION.
The functions of the landing gear are:-
a) To provide a means of manoeuvring the aircraft on the ground.

b) To support the aircraft at a convenient height to give clearance for propellers and
flaps, etc. and to facilitate loading.

c) To absorb the kinetic energy of landing and provide a means of controlling
deceleration.
LANDING GEAR DESIGN.

Once airborne, the landing gear serves no useful purpose and is dead weight. It would be ideal
to replace it with some ground based equipment, but while in the case of (a) and (b) in 1.1 above,
this is possible, no satisfactory alternative exists for (c). For this reason a vast amount of
research has gone into the design of undercarriage units in order to reduce their weight and
stowed volume when retracted.

LANDING GEAR TYPES. FIXED OR RETRACTABLE.

With slow, light aircraft, and some larger aircraft on which simplicity is of prime importance,
a fixed (non-retractable) landing gear is often fitted, the reduced performance caused by the drag
of the landing gear during flight is offset by the simplicity, reduced maintenance and low initial
cost. With higher performance aircraft, drag becomes progressively more important, and the
landing gear is retracted into the wings or fuselage during flight, there are, however, penalties
of increased weight, greater complication and additional maintenance.

FIXED LANDING GEAR.

There are three main types of fixed landing gear, those which have a spring steel leg, those
which employ rubber cord to absorb shocks, and those which have an oleo-pneumatic strut
to absorb shocks. Exceptions include aircraft with rubber in compression, spring coil, and liquid
spring struts.

Spring Steel Legs. Spring steel legs are usually employed at the main undercarriage positions.
The leg consists of a tube, or strip of tapered spring steel, the upper end being attached by bolts
to the fuselage and the lower end terminating in an axle on which the wheel and brake are
assembled.

Rubber Cord. When rubber cord is used as a shock-absorber, the undercarriage is usually in

the form of tubular struts, designed and installed so that the landing force is directed against a
number of turns of rubber in the form of a grommet or loop.
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Oleo-pneumatic Struts. Some fixed main undercarriages, and most fixed nose undercarriages,
are fitted with an oleo-pneumatic shock absorber strut. The design of individual struts varies
considerably, but one point worthy of consideration is the fitting of spats to oleo-pneumatic
strut. Spats are an aerodynamic fairing which may be required to minimise the drag of the
landing gear structure. One drawback to their use is the problem of them picking up mud when
landing or taking off from grass airfields. This can add considerably to the weight of the aircraft
and may affect take off performance. To avoid this eventually, if any mud has been picked up,
the spats must be removed, cleaned and replaced before the next take off.

FLUID FILLER
¢PLUGS

EXTENSION OF THE
LEG CAUSES THE
FLUTTER VALVE TO
RISE, RESTRICTING
THE FLOW OF THE

FLUTTER

SEALING/ <€«—— TORQUE
RING LINK
4
LOWER ]
CYLINDER \ { LOWER
TORQUE
LINK

GAS
INFLATION
VALVE

AXLE

Figure 1.1 An Oleo-Pneumatic Strut.
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1.5

1.6

CONSTRUCTION OF OLEO-PNEUMATIC STRUTS.

Figure 1.1. shows the construction of a simple oleo-pneumatic strut, in this instance a nose
undercarriage which also includes a steering mechanism. The outer cylinder is fixed rigidly to
the airframe structure by two mounting brackets, and houses an inner cylinder and a piston
assembly, the interior space being partially filled with hydraulic fluid and inflated with
compressed gas (air or nitrogen). The inner cylinder is free to rotate and move up and down
within the outer cylinder, but these movements are limited by the torque links, which connect
the inner cylinder to the steering collar. The steering collar arms are connected through spring
struts to the rudder pedals, and a shimmy damper is attached to the steering collar.

OLEO-PNEUMATIC STRUT OPERATION.

a) Under static conditions the weight of the aircraft is balanced by the strut gas pressure
and the inner cylinder takes up a position approximately midway up its stroke.

b) Under compression (e.g. when landing), the strut shortens and fluid is forced through
the gap between the piston orifice and the metering rod, this restriction limiting the
speed of upward movement of the inner cylinder.

c) As the internal volume of the cylinders decreases, the gas pressure rises until it balances
the upward force.

d) As the upward force decreases, the gas pressure acts as a spring and extends the inner
cylinder. The speed of extension is limited by the restricted flow of fluid through the
orifice.

e) Normal taxying bumps are cushioned by the gas pressure and dampened by the limited

flow of fluid through the orifice.

) Movement of the rudder pedals turns the nose wheel to facilitate ground manoeuvres,
the spring struts being provided to allow for vertical movement of the nose wheel, and
prevent shocks from being transmitted through the rudder control system.

NOTE: Evidence of strut gas pressure leakage will be given by the strut not extending as far

as it should, uneven amounts of Fescalized metal showing on each main gear. Fescalized metal
is the shiny material which forms the hard outer coating of the strut.
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1.7

1.8

1.9

RETRACTABLE LANDING GEAR.

The majority of modern transport aircraft, and an increasing number of light aircraft, are fitted
with a retractable landing gear, for the purpose of improving aircraft performance.

Retraction is normally effected by a hydraulic system, but pneumatic or electrical systems are
also used. In some instances power is used for retraction only, extension being effected by
gravity and slipstream. Retractable landing gear is also provided with mechanical locks to
ensure that each undercarriage is locked securely in the retracted and extended positions; devices
to indicate to the crew the position of each undercarriage; and means by which the landing gear
can be extended in the event of failure of the power source.

Inaddition, means are provided to prevent retraction with the aircraft on the ground, and to guard
against landing with the landing gear retracted. Undercarriage wells are normally sealed by doors
for aerodynamic reasons.

DESIGN AND CONSTRUCTION OF RETRACTABLE GEAR.

The geometrical arrangement and physical location of undercarriage units on aircraft is by no
means standard.

The type, size and position is decided at the design stage, having already taken into account the
many factors that must be considered.

Most aircraft use the "tricycle layout", where the two main undercarriage units are positioned
justaft of the C of G and support up to 90% of the aircraft's weight and all initial landing shocks.

The nose wheel unit keeps the aircraft level, and in most cases also provides a means of
steering. One advantage that the "tricycle" gear has over the "tail dragger" type is that there is

no danger of it tipping over onto its nose while taxying in a strong tail wind and also that there
is much less danger of it ground looping.

FACTORS AFFECTING DESIGN AND CONSTRUCTION.

Of the many factors taken into consideration, the main ones are listed below:

a) Size of aircraft.

b) Weight of aircraft.

c) Role of aircraft.

d) High or low wing.

e) Performance.

f) Construction of aircraft and associated stowage problems.
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1.10

1.11

OTHER FACTORS.

Modern concepts of aircraft design have been greatly influenced by the need to keep the cost
down and the requirements for them to be multi-role. Dual freight and passenger carrying roles
have resulted in the high wing monoplane type where the floor of the aircraft needs to be as close
to the ground as possible for ease of freight loading.

However, with some wings being as high as 20 feet off the ground, it became impossible to build
an undercarriage of sufficient strength to reach that far, so the modern trend has been to
incorporate the main undercarriage in the fuselage.

UNDER WING LANDING GEAR UNITS.

For aircraft with the standard underwing fitted undercarriage, an example is shown in Figure
1.2., the units comprise basically:

a) A leg, pin-jointed to the aircraft structure.

b) A wheel(s).

c) A means of absorbing landing shocks.

d) A means of controlling deceleration of the aircraft.

e) A means to withstand turning and braking stresses

) Large aircraft (Boeing 747) have the ability to turn part of the main gear to assist with

steering during tight turns (body gear steering)
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SHOCK ABSORBER

Figure 1.2 A Wing Mounted Landing Gear Assembly
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1.12

1.13

FUSELAGE MOUNTED LANDING GEAR.

For aircraft with the undercarriage built into the fuselage, the requirements are basically the
same as those for the wing mounted landing gear, except that:

a) With no geometric lock available, provision has to be made for locking the
undercarriage up and down.

b) Depending on wheel layout, each wheel may require its own shock absorber unit, and
possibly even a steering motor.

c) Ease of access to the undercarriage in flight allows manual lowering of the
undercarriage in emergency.

LOADS SUSTAINED BY THE LANDING GEAR.

An undercarriage unit has to withstand varying loads during its life. These loads are transmitted
to the mountings in the aircraft structure, so these too must be very strong. The loads sustained
are;

a) Compressive (Static and on touch down)

b) Rearward bending.

c) Side (During cross wind landings, take offs, and taxying)

d) Forwards (during push back).

e) Torsional (Ground Manoeuvring).
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1.14

1.15

1.16

LANDING GEAR

NOSE UNDERCARRIAGE.

A nose undercarriage unit, like the one shown in Figure 1.3., is usually a lighter structure than
a main unit since it carries less weight and is usually subject only to direct compression loads.
It does, however, carry the attachment for the towing equipment and so must withstand shear

loads as well. Its design is complicated by several requirements:

a) Castoring.
b) Self centering.
c) Steering.

d) Anti-shimmy.

e) Withstand
shear loads.

CASTORING.

To enable the aircraft to
be manoeuvred about
the airfield the nose
wheel must castor
freely though subjected
to compression and
shear loading, which
presents a problem in
the bearing design.

Castoring is the ability of the nose wheel to turn to either side in response to the results of

RETRACTON
JACK

STEERING JACKS

STEERING ARM

UPLOCK
ANTI-SHIMMY UNIT

UPPER AND LOWER TORSION LINKS

FORESTAYS

GEOMETRIC |
LocK

SHOCK ABSORBER
STRUT HOUSING

UPLOCK
LUG

Figure 1.3 A Nose Landing Gear

differential braking or acrodynamic forces on the rudder.

SELF CENTERING.

Automatic self centering of the nose wheel is essential prior to landing gear retraction. If the
nose gear is not in a central position prior to its retraction, the restricted space available for its
stowage will not be sufficient and severe damage may be caused to the aircraft structure as the

hydraulic system forces the gear upwards.

Centering is achieved by either a spring loaded cam or a hydraulic dashpot.

3.1-8

© Oxford Aviation Services Limited



LANDING GEAR SYSTEMS LANDING GEAR

1.17

1.18

NOSE WHEEL STEERING.

A method of steering is required to enable the pilot to manoeuvre the aircraft safely on the
ground. Early methods involved the use of differential braking.

Powered steering using hydraulic systems are now common to most large commercial aircraft,
allowing the engines to be set at the minimum thrust for taxying, thereby saving fuel, an
important consideration with large jet engines.

This method of steering is more accurate and also reduces tyre and brake wear and noise
pollution.

To allow free castoring of the nose undercarriage when required, i.e. towing, a by-pass is
provided in the steering system hydraulics to allow fluid to transfer from one side to the other.
When steering is selected this by-pass is closed by hydraulic pressure.

Steering is controlled, depending on the type of aircraft, by:-

a) A separate steering wheel.

b) Operation of rudder pedals.

Incorporated in the steering system are;-

a) Self-Centering jack.

b) Shimmy damper.(para 1.20)

POWER STEERING SYSTEMS.

Although light aircraft use a simple steering system, where the nose wheel is mechanically linked
to the rudder pedals, larger aircraft require powered steering arrangements. Within a power
steering system, the nose wheel is rotated by electric, pneumatic, or most commonly, hydraulic
power.

This last type of system would include a cockpit steering wheel or tiller, a control valve, steering
cylinders to turn the nose gear, a mechanical feedback device to hold the steering at the selected

angle and a power source, normally the aircraft hydraulic supply fed from the engine driven
pumps.
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NOSE WHEEL STEERING OPERATION.

Normal nose wheel steering operating pressure is derived from the undercarriage 'down'line, and
a limited emergency supply is provided by a hydraulic accumulator. In the system shown in
Figure 1.4., hydraulic pressure passes through a change-over valve, which ensures that the
steering system is only in operation when the nose undercarriage is down.

Steering Operation. Pressure is directed through the control valve to the steering jacks, which
retract or extend to rotate the nose shock absorber strut within its housing. Movement of the
steering wheel is transmitted through mechanical linkage to the control valve, in accordance with
the amount and direction of turn required.

DOWN
LINE
PRESSURE PRESSURE
GAUGE
AIR
CHARGING
VALVE CHANGE-OVER VALVE
ACCUMULATOR

NRV SHUTTLE VALVE

EMERGENCY

HYDRAULIC

PRESSURE CONTROL VALVE

RETURN

CENTERING SPRING BY-PASS VALVE

RESTRICTORS
UP-LINE PRESSURE

STEERING CYLINDER

STEERING.- CENTERING CYLINDER

JACK

NOSEWHEEL STRUT CENTERING RAM

Figure 1.4. The Hydraulic Layout of a Typical Nose Wheel Steering System.

A follow-up linkage from the nose undercarriage gradually resets the control valve as the nose
wheel turns. When the steering wheel is released, the control valve returns to neutral under the
action of its centering springs, and the nose wheel is free to castor.
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Self Centering operation. An inner cylinder in each steering jack is connected to the landing
gear 'up’ line and is supplied with fluid under pressure when the landing gear is selected up. The
steering jacks extend equally to centralise the nose wheel before pressure is applied to the nose
retraction jack, and the by-pass valve allows fluid from the steering jacks to flow to the return
line.

Castoring. Whenever the control valve is in its neutral position, fluid is free to flow between
the steering jacks, thus allowing the aircraft to be towed, or the nose wheel to return to the
central position after a turn has been initiated with the steering wheel. Angular movement of the
nose wheel during towing will be transmitted through the follow-up linkage to the steering
wheel.

Some form of quick-release pin is often provided to enable the steering jacks to be disconnected
so that the nose wheel may be turned through large angles during ground servicing.

Damping. Restrictors in the pipelines between the control valve and the steering jacks provide
damping for the nose wheel steering operation.

NOSE WHEEL SHIMMY.

Due to the flexibility of tyre side walls, an unstable, rapid sinusoidal oscillation or vibration
known as shimmy is induced into the nose undercarriage.

Excessive shimmy, especially at high speeds, can set up vibrations throughout the aircraft and
can be dangerous.

Worn or broken torque links, wear in the wheel bearings and uneven tyre pressures can all
increase the tendency to shimmy.

Shimmy can be reduced in several ways:

a) Provision of a hydraulic lock across the steering jack piston.
b) Fitting a hydraulic damper.

c) Fitting heavy self-centering springs.

d) Double nose wheels.

e) Twin contact wheels.

UNDERCARRIAGE CONFIGURATION.

The increase in size and all up weight (A.U.W.) of modern aircraft has led to an increase in
wheel loading; this is defined as the static load on each wheel of the landing gear at aircraft take
off weight. Since the main undercarriage carries a large proportion of the aircraft weight, main
wheels are the greatest problem. Wheel loading, in Ibs/unit area, has a direct bearing on the type
of surface from which the aircraft can operate, thus the role of the aircraft directly effects the
undercarriage configuration. An aircraft with a high wheel loading would damage the surface
of a low strength runway.
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As it is very expensive to strengthen the very long runways required for modern transport
aircraft, undercarriages which confer low wheel loadings are in considerable use. These replace
large single wheels using high pressure tyres with a number of small wheels using low pressure
tyres: the larger aircraft (747, DC10 and TriStar) may have 10 to 18 wheels in their landing gear.
More than two main legs may be provided to spread the load, wing and body gear on a 747,
DC10 and A340 for example

The actual configuration chosen for the aircraft is determined by the problem of stowage when
retracted as well as the load spreading consideration.

Multi-wheeled units have advantages other than just reduction of wheel loading. These are:

a) Weight. The greater the number of wheels, the lighter the unit can become as the
wheels are smaller. This point is hard to prove, since with the size of todays modern
aircraft, a single wheel unit would be impracticable anyway.

b) Ease of Servicing. Although the whole unit is more complex, the changing of wheels
or brake units is easier than on a single wheel U/C and individual components are much
nearer the ground.

c) Greater Safety Factor. In the event of a burst tyre there will be one or more
serviceable wheels remaining to carry the load.

d) Ease of On Board Stowage. Multi-Wheel units are easier to stow, however, most
undercarriages are designed to fit in the space available. The thickness of the wing
plays a big part, thin wings mean that specially designed folding and swivelling bogies
have to be used, which in turn escalates the costs and makes general routine servicing
more complex. Some aircraft tend to have their U/C as part of the fuselage, thus easing
the design problem, and allowing the gear to be raised and lowered vertically.

The main disadvantage of multi-wheel bogie units is that they have a large footprint area, which
causes the unit to crab whilst turning. Due to this unfortunate side effect, the turning radius has
to be increased with the resultant manoeuvring problems on the ground.

Tyre wear caused by scrubbing also occurs because the forces applied to the tread are
considerable, and the smaller the radius of the turn the greater are these forces. the tread of the
tyre becomes torn and can split to expose the casing fabric.

To minimise this occurrence it is recommended that the aircraft be manoeuvred on the ground

using the largest turning circle possible, tight turns are to be avoided if at all possible and the
aircraft should be moved in a straight line for a short distance before stopping.
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LANDING GEAR OPERATION ON CONTAMINATED RUNWAYS.

Problems have occurred on aircraft which have taken off from runways contaminated with slush,
a mixture of water, wet snow and ice. It has been found, on more than one occasion, that
because of slush deposited on the gear during the take off run freezing in the landing gear bay
during the climb and cruise, the crew have been unsuccessful in lowering the gear upon arrival
at their destination.

If it is absolutely essential that you take off in such atrocious conditions, then you are advised
to cycle the gear just after take off, selecting the gear UP, DOWN, and then UP again. It is
considered that the shocks inflicted on the gear during this cycle should be sufficient to remove
any deposits from it.

A HYDRAULIC GEAR RETRACTION SYSTEM.

A hydraulic system for retracting and extending a landing gear normally takes its power from
engine driven pumps, alternative system being available in case of pump failure. On some light
aircraft a self-contained 'power pack’ is used, which houses a reservoir and selector valves for
the landing gear and flap systems; an electrically driven pump may also be included, or the
system may be powered by engine driven pumps. This type of system normally provides for
powered retraction of the landing gear, extension being by 'free-fall', with the assistance of
spring struts.

SYSTEM RETRACTION.
Operation of the system is as follows:-

Figure 1. 5.a. When the landing gear selector is moved to the ‘up’ position fluid is directed to
the ‘up’ line and a path to return is created for ‘down’ line fluid.

‘Up’ line fluid flows to the Nose Landing Gear (NLG) Down (DN) Lock which is released.
Simultaneously fluid goes to the NLG Jack which retracts. Fluid is also ported through the one
way restrictor (Free Flow) to Sequence Valve 1 (SV1), where it waits the Main Landing Gear

(MLG) down lock which releases and to the MLG Jack which extends and raises the Main
Undercarriage.
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Figure 1. 5.b. When the Nose Undercarriage is fully retracted it is retained in position by the NLG Uplock (Hydraulically released- Spring Applied ).
As the MLG reaches full retraction it activates SV1 which allows the supply of fluid to the Door jack which retracts, closing the Main Undercarriage
Door. Finally the MLG up lock (Hydraulically Released- Spring Applied ) engages, locking the gear up. (On some aircraft types the selector valve is
placed in the neutral position after the U/C is raised, leaving the gear un-pressurised for the period of the cruise, so extending component life.
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1.25 SYSTEM EXTENSION.
Operation of the system is as follows:-
Figure 1. 5.c. When the selector is moved to the ‘down’ position, fluid is directed to the NLG up lock, which is released, and to the NLG jack which
extends and lowers the Nose gear. At the same time fluid is ported to Sequence Valve 2 (SV2), where it waits and to the Door Jack which will extend
to open the door. The door jack return fluid passes through SV1 and the One Way Restrictor ( Restricted Flow )which restricts the rate of fluid return
acting as a door speed damper.
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Figure 1. 5.d. When the door is fully open, it activates SV2 which allows fluid both to the MLG Up Lock, which releases, and to the MLG Jack, which
retracts and pulls the MLG into the down position. Return fluid passes through the one way restrictor ( Restricted Flow ) the restriction acting as a damper
to the rate of undercarriage travel thus preventing damage to the U/C mountings etc. Finally the MLG locks into place when it engages with the MLG

Down Lock.
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Note: Restrictor valves are normally fitted to limit the speed of lowering of the main
undercarriage units, which are influenced in this direction by gravity. The nose undercarriage
often lowers against the slipstream and does not need the protection of a restrictor valve.

DEHYDRATOR

P

PRESSURE
REDUCING
VALVE

DOWN LINE

OIL AND
WATER
TRAP

SELECTOR VALVE
(DOWN SELECTED)

PRESSUREp
REDUCING
VALVE

R

UP
LOCK
RAM

RETRACTION
RAM

LEFT MAIN RIGHT MAIN NOSE
UNDERCARRIAGE UNDERCARRIAGE UNDERCARRIAGE

Figure 1.6. A Simple Pneumatic Gear Retraction System

A PNEUMATIC RETRACTION SYSTEM.

Operation of a pneumatic retraction system like the one shown in Figure 1.6., is similar to that
of a hydraulic system, except that pressure in the return lines is exhausted to atmosphere through
the selector valve.

Pressure is built up in a main storage cylinder by engine driven air pumps, and passes through
a pressure reducing valve to the landing gear selector valve. Operation of the selector valve to
the 'UP' position directs pneumatic pressure through the 'up' lines to the retraction rams, and
opens the down line to atmosphere.

Operation of the selector valve to the DOWN' position directs pneumatic pressure through a
second pressure reducing valve and the down lines, to the up-lock rams and retraction rams.

Note: A low pressure is used for landing gear extension, for the same reason that restrictor

valves are used in hydraulic systems, which is to prevent damage occurring through too rapid
extension of the undercarriage units.
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Retraction rams are usually damped to prevent violent movement. The hollow piston rod is
filled with oil or grease, which is forced through the space between the inner surface of the
piston rod and a stationary damper piston whenever the ram extends or retracts, thus slowing
movement.

Up-locks and down-locks are similar to those used with hydraulic systems, the geometric down-
locks being imposed by over-centering of the drag strut at the end of retraction ram stroke, and
the up-locks by spring-ram operated locks.

Down-locks are released by initial movement of the retraction rams during retraction, and up-
locks are released by pneumatic pressure in the spring-rams during extension.

Undercarriage doors are operated mechanically, by a linkage on the shock absorber housing.
AN ELECTRICAL GEAR RETRACTION SYSTEM.

An electrical retraction system is often fitted to light aircraft which do not otherwise require the
use of a high pressure fluid system.

The main and nose undercarriage units are similar to those used in fluid retraction systems, but
push and pull forces on the retraction mechanism are obtained by an electric motor and suitable
gearing. Figure 1.7. illustrates a typical system, in which a single reversible electric motor
provides the power to retract and extend the landing gear.

Operation. The motor operates a screw jack, which provides angular movement to a torque
tube; a push-pull rod from the torque tube acts on the drag strut of the nose undercarriage, and
cables and rods from the torque tube act on the main undercarriage sidestays, rubber cord being
used to assist extension of the main undercarriage units.

MANUAL SELECTOR
RUBBER OPERATING SWITCH

FLEXIBLE
CABLES

TORQUE

TUBE DRAG

Figure 1.7. A Simple Electrical Gear Retraction System
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Down-locks are imposed by over-centering of the drag strut and sidestays during final movement
of the operating mechanism, with the assistance of springs. Limit switches on the drag strut and
sidestays cut off electrical power and brake the motor when the down-locks have engaged, while
a limit switch on the torque tube stops and brakes the motor when the landing gear is fully
retracted.

Undercarriage doors are operated by linkage to the shock absorber housings.
GEAR POSITION INDICATION.

Although the landing gear, when selected down, may be visible from the crew compartment, it
is not usually possible to be certain that each undercarriage is securely locked.

An electrical indicating system is used to provide a positive indication to the crew of the
operation of the locks and of the position of the landing gear. The system usually consists of
microswitches on the up-locks and down-locks, which make or break when the locks operate,
and which are connected to a landing gear position indicator on the instrument panel.

A mechanical indicator may also be provided, to show that the landing gear is down and locked
when the electrical system is inoperative.

On British manufactured aircraft, the electrical undercarriage system operates in such a manner
that a green light is displayed when the undercarriage is locked down, a red light is displayed
when the undercarriage is in transit, and no lights are visible when the undercarriage is locked
up; bulbs are usually duplicated to avoid the possibility of false indications as a result of bulb
failures.

On other aircraft, similar indications may be obtained by the use of magnetic indicators or lights,
but on some light aircraft a single green light indicates that all undercarriages are locked down,

and an amber light indicates that all undercarriages are locked up.

Many large aircraft also have main gear door lock indicators to confirm the doors are locked up
when the gear is locked down.

The following diagrams show typical controls and indicators for an analogue and electronic
displays.
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Figure 1.8 Landing Gear Selectors and Indicators
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Figure 1.9. An Airbus ECAM Page.
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GEAR SAFETY FEATURES.

Since the correct operation of the landing gear is of the utmost importance, a number of safety
features are included in the retraction system to ensure its correct operation under all conditions.

NOSE WHEEL CENTERING.

To avoid damage to the airframe structure, the nose wheel must always be aligned in a fore and
aft direction during retraction, and a number of methods are used to ensure that this happens
automatically. One method already discussed in Paragraph 1.18., is Hydraulic Nose Wheel
Centering on aircraft with powered steering.

GEAR SELECTOR LOCK.

To prevent inadvertent retraction of the landing gear when the aircraft is resting on its wheels,
a safety device is incorporated which prevents movement of the selector lever. This safety
device consists of a spring-loaded plunger which retains the selector in the down position and
is released by the operation of a solenoid.

Electrical power to the solenoid is controlled by a switch mounted on the shock absorber strut
(part of the air\ground logic circuits).

When the strut is compressed the switch is open, but as the strut extends after take-off, the
switch contacts close and the electrical supply to the solenoid is completed, thus releasing the
selector lever lock and allowing the landing gear to be selected up.

A means of overriding the lock, such as a separate gated switch to complete the circuit, or a
mechanical means of avoiding the locking plunger, is provided for emergency use and for
maintenance purposes. See Figure 1.8.

GROUND LOCKS.

Ground locks or landing gear locking pins are a further safety feature which is intended to
prevent inadvertent retraction of the gear when the aircraft is on the ground.

They will usually consist of pins or metal sleeves which interfere with the operation of the gear
in such a way that it is impossible for the gear to move when they are in position.

They are fitted with warning flags which should prevent the crew from getting airborne with
them still in position on the gear. This embarrassment can be averted by ensuring that the
ground locks are removed before flight and stowed on board the aircraft so that they are visible
to the crew.
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WARNING DEVICES.

To guard against landing with the landing gear retracted or unlocked, a warning horn is
incorporated in the system and connected to a throttle operated switch.

If one or more throttle levers are less than approximately one third open, as would be the case
during approach to land, the horn sounds if the landing gear is in any position other than down
and locked.

A horn isolation switch is often provided to allow certain flight exercises and ground servicing
operations to be carried out without hindrance, but an airspeed switch is a definite advantage,
since unlike an isolation switch, it cannot be first used, and then forgotten, with perhaps
disastrous consequences. An airspeed switch can also be used to prevent the horn sounding
during initial descent from high altitude.

GPWS - GROUND PROXIMITY WARNING SYSTEM

The GPWS will be inhibited below 500ft only if the gear is locked down and the flaps are in the
landing position.

For further information see Warnings and Recording Chapter 022 03 0300.
EMERGENCY LOWERING SYSTEMS.

A means of extending the landing gear and locking it in the down position is provided to cater
for the eventuality of main system failure.

On some aircraft the up-locks are released mechanically or electrically by manual selection.
The landing gear 'free falls' under its own weight and the down locks are engaged mechanically.

If the gear has been lowered by the 'free fall' method, then it must be assumed that the main
source of power to the gear has failed, if this is the case, then because there is no power to retract
them after they have been released, the doors will remain open. The size of the doors can
prove a problem on some aircraft, because there is a chance that they will contact the ground
upon touchdown unless the landing is exceptionally gentle. Some aircraft have doors fitted with
a frangible portion at their lowest extent so that replacement problems are minimised.

On other aircraft the landing gear is extended by an emergency pressure system which often

uses alternative pipelines to the jacks. Pressure for the emergency system may be supplied by
a hydraulic accumulator, a hand pump, a pneumatic storage cylinder, or an electrically powered

pump.

A Mechanical Indicator will be provided to indicate gear locked down.
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AIR/GROUND LOGIC SYSTEM.

Inevitably there are systems of all types which need to be selected on or off in response to the
criterion of whether the aircraft is airborne or not.

This effect can be obtained by merely placing micro switches or the main landing gear oleo's so
that their position will be changed when the weight of the aircraft compresses the oleo, or
alternatively, on take off, when the weight of the wheel and bogie assembly extends the oleo.

On more modern aircraft, the use of micro switches has been superseded by proximity sensing
devices which work essentially in the same manner as the micro switches by deducing the

extension or retraction of the oleo by capacitive or inductive sensing equipment fitted to the oleo.

Whichever system is used, a controlling signal will be sent to a relay or bank of relays, which
in themselves are capable of switching the affected circuits on or off as required.

Some aircraft use sensors on just one main landing gear oleo, but it is common to find the
sensors duplicated on both main oleos to provide a degree of redundancy in the system.
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INTRODUCTION.

The wheels and tyres of an aircraft support it when on the ground and provide it with a means
of mobility for take-off, landing and taxying.

The pneumatic tyres cushion the aircraft from shocks due to irregularities both in the ground
surface and occasionally, lack of landing technique.

The main wheels, and in some cases nose wheels, house brake units which control the movement
of the aircraft and provide a means of deceleration on landing.

AIRCRAFT WHEELS.

LOOSE FLANGE

LOCK RING

DRIVE BLOCK INFLATION VALVE
OIL SEAL AND LOCATING RING
HOUSING

EXCLUDER
BODY LOCKING PLATE
BEARING LINER ‘0’ RING

Figure 2.1. The Loose Flange Wheel.

Aircraft wheels are so designed as to facilitate tyre replacement. Wheels are classified as
follows:

a) Loose and detachable flange.

b) Divided.
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LOOSE AND DETACHABLE FLANGE WHEEL.

Wheels of this type, see Figure 2.1, are made with one flange integral with the wheel body,
and the other loose and machined to fit over the wheel rim.

The difference between the loose flange type and the detachable flange type is the method by
which the removable flange is secured, the loose flange is retained by a locking device on the
wheel rim, and the detachable flange is secured to the wheel body by nuts and bolts.

A detachable flange may be a single piece, or two or three pieces bolted together.

THE DIVIDED WHEEL.

The divided wheel consists of two half wheels, matched up and connected by bolts which pass
through the two halves, the bolts are fitted with stiff nuts, or, if one half of the wheel is tapped,

each bolt is locked with a locking plate.

In the wheel illustrated in Figure 2.2, the two halves are clamped together by bolts, nyloc nuts
and washers.

SEAL BOLT

FUSIBLE
INSERT

INFLATION . . gfo‘éi
VALVE DRIVE

Figure 2.2. The Divided Wheel and a Fusible Plug.
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This wheel is designed to be used with a tubeless tyre. A seal, incorporated at the joint, prevents
abrasion between the two halves and provides an airtight joint.

When used with a conventional tyre, the wheel inflation valve is removed to enable the tube
inflation valve to be fitted through the rim.

PREVENTION OF CREEP.

When in service, the tyre has a tendency to rotate (creep) around the wheel (see chapter 3,Tyres).
This creep, if excessive, will tear out the inflation valve and cause the tyre to burst.

Creep is less likely to occur if the tyre air pressure is correctly maintained, but additional
precautions may be incorporated in the design of the wheel.

Methods of counteracting creep are as follows:

a) Knurled Flange. The inner face of the wheel flange is milled so that the side pressure
of the tyre locks the beads to the flange.

b) Tapered Bead Seat. The wheel is tapered so that the flange area is of greater diameter
than at the centre of the rim. When the tyre is inflated, the side pressure forces the bead

outwards to grip the rim.

c) Creep Marks. Creep can be detected by misalignment of two matched white lines
one painted on the wheel and one on the tyre.

WHEEL MATERIAL.

Aircraft wheels are either cast or forged, then machined and ground to the required finish. They
are made of:

a) Aluminium alloy.
b) Magnesium alloy - Electron.

After initial machining has been carried out, an anti-corrosive treatment is applied:

a) Anodising for aluminium alloy wheels.
b) Chromate treatment for magnesium alioy wheels.
c) A final finish using cellulose or epoxy resin paint is applied to each wheel.
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WHEELS FOR TUBELESS TYRES.
Wheels for tubeless tyres are similar in construction to non-tubeless but are ground to a finer
finish and impregnated with Bakelite to seal the material. 'O’ ring seals are used between the

parts of the wheel to prevent leakage.

Unlike tubed wheels, the valve is built into the wheel itself and is thus not affected by
creep.

FUSIBLE PLUGS.

Under extra hard braking conditions the heat generated in the wheel, tyre and brake assembly
could be sufficient to cause a tyre blowout, with possible catastrophic effect to the aircraft.

To prevent a sudden blowout fusible plugs are fitted in some tubeless wheels. These plugs are
held in position in the wheel hub by means of fusible alloy, which melts under excessive heat
conditions and allows the plug to be blown out by the tyre air pressure.

This prevents excessive pressure build up in the tyre by allowing controlled deflation of the tyre.
An example of a fusible plug is shown in Figure 2.2, they are made for 3 different temperatures,
being colour coded for ease of identification:

a) Red - 155°C

b) Green - 177°C

c) Amber - 199°C
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3.1 TYRES INTRODUCTION

The aircraft wheels are fitted with pneumatic tyres. These can consist of both a rubber inner
tube and outer cover.

The tube contains compressed air which absorbs shock and supports the weight of the aircraft,
while the cover restrains and protects the tube from damage, maintains the shape of the tyre,
transmits braking and provides a wearing surface.

Tread Crown

Breakers

N
<\

- Steel wire
cords

Casing
Bead Bead chafers plies

Figure 3.1 The Make Up of the Tyre

3.2 TYRE COVERS

The tyre cover consists of a casing made of rubber which is reinforced with plies of cotton,
rayon or nylon cords. The cords are not woven, but arranged parallel in single layers and held
together by a thin film of rubber which prevents cords of adjacent plies from cutting one another
as the tyre flexes in use.

During construction of the cover, the plies are fitted in pairs, termed a pocket, and set so that the
cords of adjacent plies are at 90 deg to one another (cross-ply).
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To absorb and distribute load shocks, and protect the casing from concussion damage, two
narrow plies embedded in thick layers of rubber are situated between the casing and the tread,
these special plies are termed breaker strips.

The casing is retained on the rim of the wheel by interlocking the plies around inextensible steel
wire coils to form ply overlaps, this portion of the cover is known as the bead.

The tyre manufacturers give each tyre a ply rating. This rating does not relate directly to the
number of plies in the tyre, but is the index of the strength of the tyre.

The wire coils are made rigid by bonding all the wires together with rubber, to ensure a strong
bond, each wire is copper plated. The bead coil is also reinforced by winding with strips of
fabric before the apex and filler strips are applied. The apex strips, which are made of rubber and
located by rubberised fabric filler strips, provide greater rigidity and less acute changes of
section at the bead. They also provide a greater bonding area.

Finally, the bead portion is protected on the outside by chafer strips of rubberised fabric. Figure
3.1 illustrates the above points.

THE REGIONS OF THE TYRE

To assist in describing the
cover, it is divided into
regions or sections as
illustrated In Figure 3.2.

CROWN

The tread of the tyre is SHOULDER
situated in the crown and
shoulder section, and it
should be noted that the
term ‘'tread' is applied
irrespective of whether the
rubber is plain and smooth,
or moulded on a block

pattern.

SIDEWALL

BEAD

Figure 3.2 The Regions of the Tyre

The most popular tread pattern is that termed Ribbed, its is formed from circumferential grooves
around the tyre.

Not seen so frequently now, but still termed the all weather pattern, is the Diamond tread
pattern.
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Nose wheel tyres, particularly those fitted to aircraft with the engines mounted on the rear
fuselage, may have a chine moulded onto the shoulder. This is to direct water away from the
engine intakes and so prevent flameouts due to water ingestion.

A nose wheel tyre fitted to a single wheel installation will have a chine moulded onto both sides
of the tyre.

INNER TUBES

An inner tube is manufactured by an extruding machine, which forces a compound of hot rubber
through a circular die, thus producing a continuous length of tubing. The requisite length is cut
off, the ends are then butt welded and a valve is fitted.

The tube is placed in a mould, inflated and vulcanised, so producing the finished tube to the
required dimensions.

During braking, excessive heat is generated in some types of brake unit, which could cause
damage to a standard base tube. Depending on the design of the wheel and the type of brake
unit, the tube may have a standard, thickened, or cord reinforced base.

When renewing a tube it must be replaced by one of the same type.
THE INFLATION VALVE

The tube is inflated through an inflation valve, in which the stem is attached to the rubber base
by direct vulcanisation, and the rubber is vulcanised to the tube, renewal of the inflation valve
is not permitted.

Each inflation valve is fitted with a Schrader valve core which operates as a non-return valve.
The valve core is not considered to be a perfect seal, therefore, the inflation valve must
always be fitted with a valve cap, the valve cap also prevents dirt entering the valve. The older
type of valve core has a spring made of brass, but the modern type is fitted with a stainless steel
spring.

TUBELESS TYRES
These tyres are similar in construction to that of a conventional cover for use with a tube, but an

extra rubber lining is vulcanised to the inner surface and the underside of the beads. This lining,
which retains the air pressure, forms an airtight seal on the wheel rim.
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The air seal depends on a wedge fit between the underside of the tyre bead and the taper of the
wheel rim on which the beads are mounted. The inflation valve is of the usual type, but is fitted
with a rubber gasket and situated in the wheel rim. The advantage of tubeless tyres over
conventional tyres include the following:

a) The air pressure in the tyre is maintained over longer periods because the lining is
unstretched.

b) Penetration by a nail or similar sharp object will not cause rapid loss of pressure because
the unstretched lining clings to the objects and prevents loss of air.

c) The tyre is more resistant to impact blows and rough treatment because of the increased
thickness of the casing, and the lining distributes the stresses and prevents them from
causing local damage.

d) Lack of an inner tube means an overall saving of approximately 7.5% in weight.

e) Inflation valve damage by creep is eliminated.

TYRE PRESSURES

The difference in landing speeds, loading, landing surfaces and landing gear construction of
aircraft make it necessary to provide a wide range of tyre sizes, types of tyre construction and
inflation pressures.

There are four main categories of tyre pressures, which are as follows:

a)

b)

d)

Low Pressure. Designed to operate at a pressure of 25 1b. to 35 1b. per sq.in, (1.73
- 2.42 bar), used on grass surfaces.

Medium Pressure. Operates at a pressure of 35 Ib. to 70 Ib. per sq.in, (2.42 -4.83
bar) and is used on grass surfaces or on medium firm surfaces without a consolidated
base.

High Pressure. Operates at a pressure of 70 Ib. to 90 Ib. per sq. in, (4.83 - 6.21 bar)
and is suitable for concrete runways.

Extra High Pressure. Operates at pressures of over 90 Ib. per sq. in (some tyres of

this type are inflated to 350 Ib. per sq. in)(6.21 - 24.2 bar), the tyre is suitable for
concrete runways.
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3.9

TYRE MARKINGS

— "
The letters ECTA or the symbol — are used to indicate a tyre that has extra

carbon added to the rubber compound to make it electrically conducting to provide earthing
(grounding) between the aircraft and ground.

The size of a tyre is marked on its sidewall and includes the following information:-
a) The outside diameter in inches.

b) The inside diameter in inches.

c) The width of the tyre in inches.

The ply rating, the index of the tyre's strength, is also marked on the sidewall. Normally it is
shown as an abbreviation, i.e. 16PR, but occasionally it is shown in full as "16 PLY RATING".

The speed rating of the tyre, the maximum speed for which it is designed, is imprinted in a
panel on the sidewall of some high speed tyres. The rating takes account of pressure altitude,
ambient temperature and wind component, enabling the maximum take off weight the tyres can
sustain to be calculated.

Green or grey dots painted on the sidewall of the tyre indicate the position of the "awl" vents.
Awl vents prevent pressure being trapped between the plies which would cause disruption of the
tyre carcase if it was exposed to the low pressures experienced during high altitude flight.

A Red Dot or Triangle indicates the lightest part of the tyre. If this is placed opposite the valve
during tyre fitting then it assists in balancing the wheel assembly.

The letters DRR printed in the code panel and the words "REINFORCED TREAD" printed
on the sidewall are indicative of the fact that the tyre has a layer of fabric woven into the tread
which may become visible during normal wear. This layer must not be confused with the casing
cords.

TYRE CONTAMINATION

Tyres must be protected from excessive heat, dampness, bright sunlight, contact with oil, fuel,
glycol and hydraulic fluid, all of these have a harmful effect on rubber. Oilskin covers should
be placed over the tyres when the aircraft is to be parked for any length of time or during the
periods when oil, fuel, cooling or hydraulic systems are being drained or replenished. Any fluid
inadvertently spilt or allowed to drip on to a tyre must be wiped off immediately.
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CREEP (SLIPPAGE)

When tyres are first fitted to a wheel they tend to move slightly around the rim. This
phenomenon is called 'creep' and at this stage it is considered normal. After the tyres settle
down this movement should cease.

In service, the tyre may tend to continue to creep around the wheel. If this creep is excessive
on a tyre fitted with an inner tube, it will tear out the inflation valve and cause the tyre to
burst.

Creep is less of a problem with tubeless tyres, as long as the tyre bead is undamaged and any
pressure drop is within limits

Creep is less likely to occur if the tyre air pressure is correctly maintained. To assist in this,
tyre manufacturers specify a RATED INFLATION PRESSURE for each tyre. This figure
applies to a cold tyre not under load, that is, a tyre not fitted to an aircraft. Distortion of the
tyre cover when the weight of the aircraft is on it will cause the tyre pressure to rise by 4%.
When checking the tyre pressure of a cold tyre fitted to an aircraft should mentally add 4% to
the rated tyre pressure.

During use, that is during taxying, take off or landing, the tyres will become heated. This can
cause up to a further 10% rise in tyre pressure.

CORRECT TYRE PRESSURES

Tyres in use must be kept inflated to the correct pressures, under inflated tyres may move (creep)
round the wheel, over inflated tyres will cause other types of failure. It is estimated that 90%
of all tyre failures can be attributed to incorrect air pressure. Modern aircraft can even display
tyre pressures on the electronic systems monitoring screen.

AQUAPLANING

Aquaplaning is a phenomenon caused by a wedge of water building up under the tread of the tyre
and breaking its contact with the ground.

Aquaplaning speed, in Nautical Miles per Hour, the speed that the tyre loses contact can be
found by applying the formula:-

AQUAPLANING SPEED =9 v P (where P = the tyre pressure in PSI)
or,-
AQUAPLANING SPEED =34 v P (where P = the tyre pressure in kg/cm?)

The possibility of aquaplaning increases as the depth of the tread is reduced, it is therefore
important that the amount of tread remaining is accurately assessed. The coefficient of dynamic
friction will reduce to very low values, typically 0, when aquaplaning.

3.3-6 © Oxford Aviation Services Limited



LANDING GEAR SYSTEMS AIRCRAFT TYRES

3.13

3.14
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WAT LIMITS

When calculating take off distance/obstacle clearance with increased V, speeds it is important
not to exceed the speed rating of the tyres fitted to the aircraft eg it may be necessary to reduce
weight in order to satisfy WAT Limits.

TYRE DAMAGE

During servicing, tyre covers must be examined for cuts, bulges, embedded stones, metal or
glass, signs of wear, creep, local sponginess, etc. The defects, which may make the cover
unserviceable, should receive the following attention or treatment:

a) Cuts. Cuts in the tyre cover penetrating to the cords render the tyre unserviceable and
must be repaired.-

b) Bulges. These may indicate partial failure of the casing, if the casing has failed, i.e. the
fabric is fractured, renew the cover.

c) Foreign Bodies. Embedded Stones, Metal, Glass etc. These must be removed and the
cuts probed with a blunt tool to ascertain their depth, repair or renewal of the cover is
governed by the extent of the damage (see sub-para (a)).

d) Wear. Pattern tread covers worn to the base of the marker grooves or marker tie bars
for 25% of the tyre circumference, or plain tread covers worn to the casing fabric, must
not be used. See Figure 3.3.

e) Creep. Movement of the tyre round the wheel must not exceed 1 in for tyres of up to24
in outside diameter and 1% in for tyres over 24 in outside diameter. If these limits are
exceeded, the tyre must be removed from the wheel and the tube examined for signs of
tearing at the valve, also examine the valve stem for deformation. If the tube is
serviceable, the tyre may be refitted and creep marks re-applied.

REDUCTION OF TYRE WEAR
With the increased size of modern airports, taxi distances also increase, thus increasing the
amount of tyre wear and risk of damage. To minimise tyre wear therefore, it is recommended

that a speed of no more than 25 m.p.h (40 kph) should be reached during the taxi run.

Over inflation will cause excessive wear to the crown of the tyres whilst under inflation is the
cause of excessive shoulder wear.
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MARKER TIE BAR

WEAR INDICATING GROOVE

WEAR INDICATING GROOVES

-

Figure 3.3 Wear Markers and Indicating Grooves
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4.1

4.2

AIRCRAFT WHEEL BRAKES. INTRODUCTION

In common with most braking systems, aircraft wheel brakes function by using friction between
a fixed surface and a moving one to bring an aircraft to rest, converting kinetic energy into heat
energy. The amount of heat generated in stopping a large modern aircraft, is enormous, the
problem of dissipating this heat has been a challenge to aircraft designers and scientists for years.
As progress has been made in this direction, so aircraft have got faster and heavier and the
problem worse.

The ideal answer of course, would be to build runways of sufficient length, so that an aircraft
would have no need to use its brakes at all, but the prohibitive cost of building runways 4 and
5 miles long makes it a non starter.

The advent of reverse pitch on propeller driven aircraft and reverse thrust on jet engines aircraft,
has provided a partial answer to the problem, but even with these, the need for normal braking
still exists.

PLATE OR DISC BRAKES

All modern aircraft now use plate brakes operated by hydraulic systems as their means of
slowing down or stopping. This system uses a series of fixed friction pads, bearing on or
gripping, one or more rotating plates, similar in principle to disc brakes on a car.

The number of friction pads and rotating plates that are used is a matter of design and wheel size,
a light aircraft would be able to utilise a single plate disc brake whereas a typical arrangement
on a large aircraft would be a multi-plate unit similar to the one illustrated in Figure 4.1..

In this unit, the physical size of the braking area has been increased by employing multiple brake
plates sandwiched between layers or friction material. In this sort of construction the rotating
plates (rotors) are keyed to revolve with the outer rim of the wheel and the stationary plates
carrying the friction material (stators) are keyed to remain stationary with the hub of the wheel.
When the brake is applied hydraulic pressure pushes the actuating pistons, housed in the torque
plate, squeezing the rotors and stators between the pressure plate and the thrust plate. The harder
the brake pedal is applied the grater the braking force applied to the pressure plate by the pistons.
The torque generated by the brake unit is transmitted to the main landing gear leg by a torque
rod or ‘brake bar’, (illustrated in chapter 1, figure 1.2)

The friction pads are made of an inorganic friction material and the plates of 'heavy' steel with
a specially case hardened surface. It is this surface which causes the plates to explode if
doused with liquid fire extinguishant when they are red hot. In the unfortunate event of a
wheel or brake fire, the best extinguishant to use is dry powder.
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Recent technological advancements in heat dissipation, have resulted in the design of the brake
plates being changed from a continuous rotating single plate, to a plate constructed of many
interconnected individual segments with the heat dissipation properties greatly improved, thus
increasing brake efficiency. Carbon is also used for manufacturing brake units because it has
much better heat absorbing and dissipating properties. Carbon brakes are also much lighter than
equivalent steel units. The disadvantage is their increased cost and shorter life, so they tend to
be fitted only to aircraft where the weight saving is worth the extra cost, long haul aircraft, for
example.

If the brakes become too hot, they will not be able to absorb any further energy and their ability
to retard the aircraft diminishes. This phenomenon is termed Brake Fade.

BLEED SCREW PRESSURE PLATE
SINGLE
ADJUSTER STATOR
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Figure 4.1 A Typical Multi-Plate brake Unit
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BRAKE RELEASE

When the pilot releases the pressure on the brake pedals, the brake adjuster assemblies will
move the pressure plate away from the stators and rotor assemblies, thus allowing them to move
slightly apart. The internal construction of the brake adjuster assemblies allows them to
maintain a constant running clearance when the brake is off thereby automatically
compensating for brake wear.

If the return spring inside the adjuster assembly ceases to function, or if the unit is wrongly
adjusted, then they could be the cause of a brake not releasing correctly. This is termed
brake drag.

Brake drag will generate a lot of heat and can be responsible for Brake Fade occurring sooner
than it otherwise would. Air in the hydraulic system of the brake can also cause the brakes to
drag. .

PRESSURE PLATE

FRICTION BUSH
SPRING HOUSING

RETRACTION
PIN

ADJUSTER
SPRING
TORQUE PLATE

Figure 4.2 A Brake Adjuster Assembly
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BRAKE WEAR

Aircraft brakes are designed to give good retardation, while at the same time avoiding excessive
wear of the brake lining material.

It is important that the thickness of the brake lining material is carefully monitored.

Too little brake lining material remaining may mean that the disc of a single disc brake system
may become excessively worn or grooved, or that on a multiple disc brake, the remaining
material overheats and erodes extremely fast.

There are several methods of determining the amount of brake lining material which remains on
the brake unit, the following are just some of those methods.

On multiple disc brake systems, the most popular method of gauging the depth of brake lining
material remaining is by checking the amount that the retraction pin (or the indicator pin, as it
is sometimes called) extends from (or intrudes within) the spring housing with the brakes
selected on.

Figure 4.3 shows how a wear gauge can be used to check that the retraction pin has not moved
too far within the spring housing.

Analternative method which can
be used if no retraction pins are
fitted to the system is that
whereby the amount of clearance
between the back of the pressure
plate and the brake housing can
be measured, once again with
the brakes applied.

WEAR GAUGE

If the brake is a single disc unit,
the amount of brake lining
material remaining can be
checked by once again applying
the brakes and measuring the
distance between the disc and

RETRACTION PIN

the brake housing and ensurin DISTANCE MEASURED

that it is no less than a minimuri WITH BRAKES APPLIED SPRING HOUSING
FRICTION BUSH

value.

Figure 4.3. Measuring Brake Wear in a Multiple
Disc Brake System.
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BRAKE SYSTEM OPERATION

Operation of the brake pedals on the flight deck, allows hydraulic fluid under pressure to move
small pistons which, by moving the pressure plate, force the stator pads against the rotor plates,
with the resultant friction slowing the plates down.

On a small aircraft the hydraulic pressure from the brake pedals may be enough to arrest its
progress. On a large aircraft it is obvious that foot power alone will be insufficient, some other
source of hydraulic power is required. This is supplied by the aircraft main hydraulic system.

BRAKE MODULATING SYSTEMS

Optimum braking is important in the operation of modern aircraft with their high landing speeds,
low drag and high weight, particularly when coupled with operation from short runways in bad
weather. The pilot is unable to sense when the wheels lock and so the first requirement off a
brake modulating system is to provide anti-skid protection.

Whenever braking torque is developed there must be only a degree of slip between the wheel and
the ground, a skidding wheel provides very little braking effect. In all brake modulating systems
the deceleration of the individual wheels is taken as the controlling parameter of braking torque.

A datum figure for wheel deceleration is selected which is known to be greater than the
maximum possible deceleration of the aircraft - of the order of 18 ft/s? (6m/s?) - and when this
datum figure is exceeded, brake pressure is automatically reduced or released.

The facility to "hold off" brake pressure in the event of a wheel bounce or to prevent brake
operation before touchdown may also be built into the system.

Systems may be mechanical or electrical, mechanical systems have been in use since the early
1950s. Most aircraft use electrical or electronic systems.

MECHANICAL ANTI-SKID SYSTEMS

The basic principle of these systems is the use of the inertia of a flywheel as a sensor of wheel
deceleration.

A wheel directly driven by the aircraft wheel is coupled to the flywheel by a spring. Any changes
in aircraft wheel velocity cause a relative displacement between the flywheel and the driven
wheel. This relative displacement is used as a control signal to operate a valve in the hydraulic
braking system to release the brake pressure. The unit may be wheel rim or axle mounted.
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ELECTRONIC ANTI-SKID SYSTEMS

The response rates of the flywheels used in mechanical systems are low when compared with
electrical signalling and furthermore the modulation does not always conform to the true runway
conditions.

It is also much easier to alter the response rates and system biases of electronic circuitry to suit
different aircraft types, thus making it simpler to adapt the circuits to match the requirements of

new aircraft types.

The electronic system gives approximately a 15% improvement over the mechanical unit with
the advantage that it can be tested prior to use.

The electronic system comprises three main elements:

a) A sensor which measures wheel speed.
b) A control box to compute wheel speed information..
c) A servo valve to modulate brake pressure.

The basic control loop described above offers few advantages over a mechanical system except
that the cycling rate is much improved. A system refinement is that of the Adaptive Pressure
Bias Modulation Circuit.

This ensures that the brake pressure applied immediately after a wheel is released after an Anti-
Skid Unit (A.S.U.) operation, is lower than the pressure which was applied before the A.S.U.
operation preventing an immediate return to the conditions that caused the ASU to release the
pressure in the first place.

The ASU provides three important functions:

a) Touch down protection.
This will prevent the brakes being applied before touch down. The electronic
anti-skid controller will monitor the wheel speed and air/ground logic. If no
signal is received the brakes cannot be applied while the aircraft is airborne. On
touch down the wheels ‘spin up’ and apply a signal to the controller which will
now allow the brakes to be applied.

b) Skid prevention.
The anti skid controller will reduce the brake pressure to any wheel that it
determines is approaching a skid by monitoring the deceleration rate of the
individual wheels
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c) Locked wheel protection
If a wheel locks because of a wet patch, or ice, the anti-skid controller will
release the pressure to that wheel completely until the wheel spins up again and
the pressure will be re-applied.

To enable the pilot to have full control of the brakes for taxying and manoeuvring, the anti-skid
system is deactivated, either manually or automatically, when the aircraft has slowed down to
below approximately 20 m.p.h., it is assumed then that there is no further danger of skidding.

TYPICAL AIRCRAFT WHEEL BRAKE SYSTEM

The brakes are powered by one of the aircraft hydraulic power systems (system 1) with
automatic switch over to an alternate system (system 2) in the event of low system 1 pressure.
When normal and alternate brake hydraulic sources are lost, an accumulator is automatically
selected to maintain parking brake pressure.

Antiskid Protection

The antiskid valves receive hydraulic pressure from the normal brake metering valves or the
autobrake valves with the antiskid control unit providing electrical signals to the antiskid valves
to control braking during skid conditions. Wheel speed transducers mounted in the axle transmit
wheel speed inputs to the antiskid control unit. Each wheel is provided individually with
antiskid protection when normal brakes are operative. When skidding is initially detected, the
antiskid controller commands the respective antiskid valve to reduce brake pressure which
protects the wheel from further skidding. Touchdown braking protection is provided by
comparing wheel speed to IRS (inertial reference system) groundspeed. During alternate brake
operation antiskid protection is provided to wheel pairs rather than individual wheels.

Torque Limiting
A brake torque sensor is provided at each wheel to detect excessive torque during braking to
prevent damage to the landing gear (more a problem with CARBON brakes). When excessive

torque stress is detected, a signal is sent to the antiskid valve and brake pressure to that wheel
is released.
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AUTOBRAKES

This system permits automatic braking when using the normal brake system during landing
rollout or during a rejected takeoff. The autobrake system is not available when using the
alternate brake system. Depending on the aircraft, three or five landing deceleration rates may
be selected. The RTO (rejected takeoff) provides maximum braking. Antiskid protection is
provided during autobrake operation. Landing autobrakes are armed by selecting one of the
deceleration rates on the autobrake selector. On touchdown with ground mode and wheel spin
up sensed the brakes will be automatically applied and will provide braking to a complete stop
or until the autobrakes are disarmed. The deceleration rate may be changed during autobrake
operation without disarming by rotating the selector.

With RTO selected, maximum brake pressure will be applied automatically when all thrust
levers are closed at ground speeds above 85 knots. Below 85 knots autobrakes are not activated.
The landing autobrakes system disarms immediately if an autobrake or normal antiskid system
fault occurs. Disarming will also occur if any of the following crew actions are taken during
autobrake operation:

Manual Braking.

Advancing any thrust lever after landing.

Moving the speed brake lever to the DN (down) detent after speed brakes have been deployed
on the ground.

Moving the autobrake selector to Disarm or Off.

The autobrakes are normally disarmed by the non-handling pilot or flight engineer as the aircraft
speed reduces to approximately 20 knots.

The parking brake handle operates a shut off valve in the return line to the reservoir from the
antiskid valves. To apply the parking brake depress the foot pedals, apply the parking brake
lever, then release the foot pedals. Hydraulic pressure is now trapped in the brakes because the
return line from the anti-skid valves is closed. this will be capable of maintaining the brakes ‘on*
for overnight parking if required.
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4.11

BRAKE KINETIC ENERGY GRAPH

During the application of brakes, a considerable amount of energy is absorbed. This energy is
released in the form of heat which must be dissipated.

The brake packs, wheel assemblies and tyres are capable of absorbing so much heat and no more
before they fail.

Some method of determining the amount of energy absorbed will facilitate decisions regarding
precautions to be taken after an aborted take-off, a landing, or simply moving the aircraft around
the airfield.

One such method is the brake kinetic energy graph, Figure 4.6. The graph is entered with an
all up weight and a brake application speed and then factored for head or tailwind component,
number of serviceable reversers and airfield altitude.

The end result is the amount of kinetic energy absorbed in ft. 1b./10%, but more importantly, three
zones into which the situation has fallen, each of which will determine the course of action to
be taken.

Figure 4.7. is a reproduction from an aircraft operations manual which outlines the three zones
and the drills to be carried out in the event of the kinetic energy in the brakes being above a
certain level.
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BRAKE KINETIC ENERGY (FT LB/10 ) & COOLING TIME

Corrections

1. Reverse thrust After flapless accelerate - stop - add 3.0 KE
2. For every 20°C ambient temperature below 15A + 20°C - subtract 1.0 KE After slatless - stop - add 2.0 KE
3. After landing only when constant full maxaret braking is used on a dry runway - add 2.0 KE
4. After aborted take-off only add 5.0 KE to allow for residual KE in brakes when leaving chocks Note 1: If take-off is aborted before reading is obtained on the ASI, use afigure of 60
5. Non-standard configurations knots to calculate brake cooling time.
Atfter flaps 35°/slats out landing - add 2.0 KE
After flapless landing - add 10.00 KE Note 2: If aircraft returns to the ramp without starting a take-off run, use a figure of 40
After slatless landing - add 2.0 KE knots to calculate brake cooling time.
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ZONES

Danger Zone- (Above 29 KE)

1.

Clear runway as soon as possible. Alert fire services.

Use minimum necessary footbrake pressure. Tyres will probably
deflate.

Parking brake must not be used unless essential.
Shut down engines not required.

If tyres remain inflated, they must be approached with caution from
front or rear.

Unless a brake/wheel assembly is in flames, allow brakes to cool
without applying extinguishant.

If a brake/wheel assembly is on fire, apply dry powder
extinguishant - and retire from the vicinity for at least 15 minutes.

Allow a cooling period of 2 to 3 hours, unless cooling air is used.
Wheels and tyres must be changed.

Caution Zone {17 to 29 KE)

l.

Park the aircraft but do not apply parking brake.
Do not approach wheel assembly for at least 30 minutes.

Before take-off, check the brake wheel assembly for damage and
apply brake pressure to check to brake seal leaks.

Operate the brakes and check that pressures are maintained.

Allow brake cooling time of 5 minutes for each 1.0 KE in excess of
5.0 KE.

Normal Zone- (5 to 17.0 KE)

1. Allow brake cooling time of 5 minutes for each 1.0 KE in excess of
5.0KE.

Below 5 KE.,

1. No brake cooling time necessary.

2. No special instructions.

Figure 4.7 The Normal, Caution and Danger Zones.
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4.12

BRAKE TEMPERATURE INDICATORS

Larger aircraft types, (Boeing 747, Airbus etc.) may be fitted with Brake Temperature
Indicators.

Sensors are arranged to sample the temperature of the brakes of each individual wheel.

An indicator can be used to display the temperature of each pair of wheels as selected on the
system control panel.

The brake temperatures are constantly monitored by the system, if the temperature of any brake
assembly rises above a predetermined level then a "HIGH TEMP" indicator light illuminates.
Switch selection on the control panel will now enable the operator to locate the wheel brake or
brakes which are triggering the alarm.

Should any brake temperature go above that level at which the High Temp warning light
illuminates, then a brake "OVERHEAT" caption will come on.

This last event is duplicated on the Central Warning System. Figure 4.8 illustrates a Brake
Temperature Warning Panel.

BRAKE “OVERHEAT” LIGHT

ILLUMINATES IF ANY BRAKE TEM‘D"\E;QJE’E'E II.EI)E(\CI:EEII.EDS
TEMPERATURE EXCEEDS s
PREDETERMINED LEVEL.

TEST SWITCH
ADDS 100°C TO FIGURE
INDICATED ON
TEMPERATURE GAUGE
FOR THE PAIR OF
BRAKES SELECTED

BRAKE TEMPERATURE SELECTORS
WHEN PRESSED, EACH SELETOR WILL CAUSE
HOW THE TEMPERATURE OF THE SELECTED
BRAKE TEMPERATURE INDICTAORS S
LEFT AND RIGHT PAIR OF BRAKES.
INDICATES TEMPERATURE OF PAIRS OF BRAKES
AS SELECTED
BY THE BRAKE TEMPERATURE SELECTOR

Figure 4.8 A Brake Temperature Warning Panel.
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BRAKE TEMPERATURES TYRE PRESSURES

*?fﬁﬁ?

UP LOCK
1495 195 — -
et e, e

NW STEER

LG CTL

ANTI SKID

AT BRK

Courtesy of Airbus Industrie

Figure 4.9. Typical ECAM Display
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4.13

WING GROWTH

Wing growth is a term used in relation to swept wing aircraft only. Because the centre of the
turning circle of modern big jets is not the inboard oleo but a point further outboard, and also
because of the swept wing planform, the circle which the outboard wing tip describes is larger

than is first apparent. This may not be as great a problem with large aircraft with body gear
steering. See Figure 4.10.

Great caution should be exercised when manoeuvring large swept wing aircraft close to
obstructions of any sort.

3

Figure 4.10 An lllustration of Wing Growth.
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LANDING GEAR SELF ASSESSMENT QUESTIONS

1. Oil is used in an oleo strut to :-
a) Support the weight of the aircraft
b) Limit the speed of compression of the strut
c) Lubricate the piston within the cylinder
d) Limit the speed of extension and compression of the strut
2. The nose wheel assembly must be centered before retraction because:-
a) There is limited space in the nose wheel bay
b) The aircraft may swerve on the next landing if the nose wheel is not straight
c) The tyres may be damaged on landing if the nose wheel is not straight
d) It will remove any slush or debris which may have accumulated on take-off
3. The movement of the gear on lowering is normally damped to:-
a) Prevent the fluid becoming aerated
b) Counteract the force of gravity which would bring the gear down too fast
c) Make the lowering time greater than the raising time
d) Prevent the hydraulic fluid becoming overheated
4. Inadvertent retraction of the landing gear on the ground is :-
a) Not possible because the system is not powerful enough
b) prevented by the ground/air logic system
c) always a danger after the ground locks have been removed
d) the responsibility of the first officer when he is on the aircraft
5. Creep (Slippage):-
a) is not a problem with tubeless tyres
b) refers to the movement of the aircraft against the brakes
c) can rip out the inflation valve and deflate the tyre
d) can be prevented by painting lines on the wheel and tyre.
6. Tyre wear when taxying can be reduced :-
a) restricting the use of brakes and using thrust reversers
b) taxying at less than 40 kph
c) staying on the smoothest parts of the taxiway
d) taxying at less than 25 knots
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7.

10.

11.

To prevent scrubbing the tyres while taxying , you should :-

a) use tyres with fusible plugs

b) make sharp turns only if you have high speed tyres fitted
c) turn no sharper than the minimum specified radius

d) deflate the tyres to a minimum pressure

The best extinguishant to use on a wheel or brake fire is :-

a) CO,

b) Dry powder
c) Freon

d) Water

When inflating a tyre fitted to an aircraft, the tyre pressure reading on the gauge should be
modified by :-

a) 10psi
b) 10%
c) 4psi
d) 4%

The most likely cause of brake fade is:-

a) oil or grease on the brake drums

b) worn stators

c) the pilot reducing the brake pressure
d) overheating

The pressure needed to operate the wheel brakes on a large aircraft comes from:-

a) the aircraft main hydraulic system
b) the pilots brake pedals

c) a self contained power pack

d) the hydraulic reservoir
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12.

13.

14.

15.

Which of the following statements will produce the shortest landing run:-

ii.
iii.
iv.

V1.
Vil.

a) (i),
b) (),
¢) (O,
d) (),

Crossing the threshold at the correct height and speed

Applying full anti-skid braking as quickly as possible after touchdown

Using maximum pedal pressure but releasing the pressure as the wheels start to skid
The use of cadence braking

use of minimum braking pressure early in the landing run and maximum pressure
towards the end

Application of reverse thrust as early as possible in the landing run

Deployment of the lift dumpers/speed brakes as early as possible in the landing run

(i), (vi),  (vii)
@Gi),  (vi),  (vii)
@iv), (vi), (vii)
), (vi),  (vii)

The formula which gives the minimum speed (V) at which aquaplaning may occur is:-

a)
b)
c)
d)

V,= 9 XV P where P is kg/,,2 and V, is in knots

p
V,=9 X VP where P is psi and V, is in mph.
V,=9 XV'P where P is psi and V, is in knots
V,= 34 X VP where P is kg/,,,2 and V, is in mph

An aircraft has a tyre pressure of 225 psi , its minimum aquaplaning speed will be:-

a)
b)
c)
d)

135 mph
135 knots
145 knots
145 mph

Landing gear ground locking pins are:-

a)
b)
c)
d)

fitted before flight to ensure the landing gear locks are fully cocked.

removed prior to flight and returned to stores

fitted after flight to maintain a hydraulic lock in the down lock jack

removed prior to flight and stowed on the aircraft where they are visible to the crew.
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16.

17.

18.

19.

20.

21.

The most likely cause of brake unit dragging is:-

a) dirt between the rotor and stator assemblies
b) grease on the rotor assembly

c) the brake pressure being too high

d) incorrect operation of the adjuster assemblies.

A likely cause of nose wheel shimmy is:-

a) aircraft is overweight

b) the tyre pressures are too high

c) the aircraft is incorrectly loaded

d) a torque link is worn or damaged.

Creep (slippage):-

a) can damage the braking system

b) can be measured by painting marks on the tyre and wheel rim
c) may cause excess wear

d) never occurs on new tyres

The anti-skid system would be used :-

a) on landing runs only
b) on take off runs only
c) for take off on icy runways

d) for both take off and landing runs

A hydraulic gear retraction mechanism consists of sequence valves, uplocks and:-

a) an anti-skid braking system
b) downlocks
c) torque links

d) a shock absorber.

A nose wheel steering control system;-

a) prevents the nosewheel from castering at all times

b) allows the nosewheel to caster within preset limits when in the neutral position
c) allows the nosewheel to caster freely at all times

d) prevents the nose gear from lowering if the nosewheels are not centralised.
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22. At an aircraft taxying speed of 10mph the antiskid braking system is:-

a) inoperative
b) operative
c) operative only on the nosewheel brakes
d) operative only on the main wheel brakes
23. The tyre pressures are checked after a long taxi to the ramp following landing. The pressures will
have:-
a) fallen by 15% from their rated value
b) risen by 15% from their rated value
c) remained constant
d) risen by 10% of their original value

24, The ply rating of a tyre :-

a) always indicates the number of cords or plies in the tyre carcase
b) never indicates the number of cords or plies in the tyre carcase
c) indicates whether or not an inner tube should be fitted

d) is the index of the tyre strength

25. When the landing gear is selected UP the sequence of lights is:-

a) red, green, out.
b) red, out, green
c) green, red, out
d) out, red, green
26. The amount of wear on a reinforced , ribbed tread tyre is indicated by:-
a) the offset wear groove
b) marker tie bars
c) concentric wear rings
d) grey cushion rubber
27. In the event of an approach to land being made with the throttle levers retarded towards idle and

the flaps down and the gear up , the warning given to the pilot will be a;-

a) continuous bell
b) horn
c) buzzer

d) stick shaker
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28. Lowering the gear using the free fall system will result in the main landing gear doors :-

a) closing hydraulically
b) closing mechanically
c) remaining open
d) being jettisoned

29, With RTO (rejected take-off) selected and armed the brakes will be automatically applied if:-

a) V, is not reached after a predetermined distance
b) V. is not reached after a predetermined distance
c) reverse thrust is selected at any time

d) one of the thrust levers is returned to idle

30. A green fusible plug is designed to deflate the tyre if a temperature of ---------

is reached.

a) 177°C
b) 277°C
c) 155°C
d) 199 °C
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Landing Gear Self Assessment Question Answers
Question |A |B |C [D | Ref Question C |D | Ref

1 X 16 X

2 X 17 X

3 X 18

4 X 19 X

5 X 20

6 X 21

7 X 22

8 X 23 X

9 X 24 X

10 X 25 X

11 X 26

12 X 27

13 X 28 X

14 X 29 X

15 X 30
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FLIGHT CONTROL SYSTEMS INTRODUCTION

Vertical
Stabiliser

Rudder Outboard

aileron \

Elevator

Outboard
spoilers

Horizontal
Stabiliser

Inboard
Inboard Flap

Leading edge
slats

Fig 1.1 Aircraft Flight Controls - General Arrangement

1.1 INTRODUCTION

The movement of the flying control surfaces in response to the movement of the cockpit controls
may be achieved:

a) Mechanically. The control surfaces are connected directly to the cockpit controls by
a system of cables, rods, levers and chains.

b) Hydraulically. The control surfaces are moved by hydraulic power. The control valve
may still be operated mechanically.

c) Electrically. Movement of the cockpit control sends an electrical signal to the control
surface. The movement of the control may be achieved hydraulically.

Figure. 1.2. shows a manually operated elevator control system for a light aircraft, showing the
main components required.
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CONTROL
COLUMN

SECONDARY  TURNBUCKLE PULLEY ELEVATOR
STOPS

FAIRLEADS

Figure 1.2. Elevator Control System

Rearward movement of the control column causes upward movement of the elevator, causing
the aircraft to pitch nose upwards, and vice versa.

Control in roll is achieved by ailerons. Turning the control wheel to the right causes the right
aileron to move up and the left aileron to move down, giving roll to the right.
Control in yaw is given by the rudder. Moving the right rudder pedal forward causes the rudder
to move to the right and causes the aircraft to yaw to the right. These movements are obtained
by similar arrangements of cables, push-pull rods and chains for the elevator.

The primary flying controls in a manually operated control system are reversible. That s, a force
applied to the cockpit control will move the control surface, and also, a force applied to the
control surface will cause the cockpit control to move. This means that the air pressure on the
control surfaces is felt by the pilot through the cockpit controls. This is not the case if the
controls are fully power operated. A power operated control is irreversible, that is, a load
applied to the control surface cannot move the cockpit control, and the system has no natural
feel.

(Note: Power assisted controls still retain their natural feel and, if the loads at the surface are
large enough, are reversible).

Because of this it is necessary to introduce feel to the system artificially. The artificial feel unit
should increase the cockpit control load in proportion to the control deflection, and in proportion
to the speed. [A manually operated trimming tab is irreversible, once its position has been set
by the trim wheel, it cannot be moved from that position by a load on the trimming tab].
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1.2

1.3

CONTROL SYSTEM CHECKS

During servicing, and after any adjustments to the flying control system, various checks are
required on the system. In some situations it may be necessary for the pilot to perform part of
these checks. The main checks required on the system are for:

a) cable tension.

b) safety and locking of controls.

c) range of movement of controls (freedom and operation in the correct sense).
d) friction in the system.

e) backlash of the system.
CABLE TENSION

It is important to have the correct tension in the control cables. If the tension is too low, the
cables will be loose, permitting excessive cable movement, and if the tension is too high, the
controls will be too stiff to move. Cable tension is adjusted by means of turnbuckles, and
measured with a tensiometer.

INSPECTION
HOLE

Figure 1.3. Barrel Type Turnbuckle

Figure 1.3 illustrates a typical turnbuckle. It consists of a central barrel, and two end fittings,
to which are attached the ends of the cable.

The tension of the cable is measured with a tensiometer. An illustration of a simple tensiometer
is shown in Figure 1.4.
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1.4

TEMPERATURE COMPENSATION

When checking the tension of the cable, allowance should be made for the temperature, and the
correct tension figure used appropriate to the ambient temperature. Changes of temperature will
affect the length of the cables and also of the airframe structure, but as they are made of different
materials the rate of expansion will be different. For a normal aluminium alloy airframe
structure with steel control cables, an increase in Temperature will cause the aluminium alloy
to expand more than the steel cables and so cause an increase in cable tension. On some aircraft
a temperature compensator is fitted in the control system. This automatically maintains the
correct tension if temperature changes.
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1.5

QUADRANT

PUSH-PULL ROD

DAMPER

BELL CRANK

CONTROL SPRING UNIT
CABLE

QUADRANT

Figure 1.5. Temperature Compensator

SAFETY AND LOCKING

After the tension has been correctly set, the turnbuckle must be checked to safety. This means
that sufficient thread must be engaged between the end fittings and the central portion of the
turnbuckle to take the load which will be placed on the cable.

To enable this to be done, inspection holes are provided in the turnbuckle. To be ‘in safety’ the
inspection hole must be completely blocked by the thread of the end fitting. This is verified by
attempting to pass a hardened pin through the inspection hole.

Some types of turnbuckle are not provided with inspection holes, and these should be checked
for safety by seeing that not more than three threads of the end fitting are visible outside the
barrel.

When the tension has been correctly set and the turnbuckle is ‘in safety’ it must be locked to
prevent any change of tension occurring during operation of the control system. Vibration could
cause the barrel of the turnbuckle to rotate and allow the cable tension to decrease. The
turnbuckle must be locked to prevent any rotation of the barrel relating to the end fittings.

TWISTED ENDS TO BE
TUCKED IN
TO PREVENT FOULING FORK

4 END
¢
&
$

=TI

INSPECTION
HOLE

Figure 1.6. Wire Locked Turnbuckle
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1.6

1.7

1.8

1.9

The most commonly used method of locking is by locking wire, but many other approved
systems of locking are in use, such as locking clips, locking plates etc.

RANGE OF CONTROL MOVEMENT

The movement of each control surface to either side of its neutral position, is laid down so that
it can achieve the required control over the full range of operating conditions. The movement
is not necessarily the same each side of neutral, for example, an elevator usually has a greater
deflection upward than downward. The limit of movement of the control surface is determined
by a mechanical stop. A stop which limits the movement of the control surface is called a
primary stop.

A stop which limits the movement of the control column or rudder pedals is called a secondary
stop; when the primary stop is closed there will be a small clearance at the secondary stop.

CONTROL SYSTEM FRICTION

The friction in the control system will determine the force required to move the controls when
the aircraft is stationary. In flight the ‘stick forces” will increase due to the air loads on the
control surfaces. |If the friction loads are too high, the feel of the controls with changing airspeed
will be distorted. The friction in the control system is measured by attaching a spring balance
to the control and moving it through its full travel. Excessive friction in the controls may be due
to over-tensioned cables or unlubricated bearings.

BACKLASH

Control Systems should be free of backlash. Backlash is free or ineffective movement of the
cockpit control when the direction of movement is reversed. It may indicate worn or incorrect
components in the control system.

CONTROL LOCKS

When an aircraft is parked in the open, strong or gusty winds could blow the controls about
against their stops with sufficient force to cause mechanical damage. To prevent this occurring,
control locks are fitted. These may be external or internal and may be fitted to the control
surface or to the cockpit control. If they are fitted to the cockpit control they may be arranged
so that it is impossible to open the throttle until the control locks are removed.

It should be noted that with servo operated control surfaces, movement of the cockpit controls
is possible with external control locks in position. Similarly with a spring tab assisted control,
some movement of the cockpit control would be possible with external locks fitted, but the
control would feel very stiff.

4.1-6 ©Oxford Aviation Services Limited



FLIGHT CONTROL SYSTEMS INTRODUCTION

1.10

1.11

1.12

1.13

DUPLICATE INSPECTION OF CONTROLS

Because of the vital importance of the control system a procedure for duplication of inspection
of the control system is laid down in the Regulations. (BCAR Section A). It requires that if the
control system is disturbed in any way, the system shall be inspected separately by two qualified
persons before the aircraft is permitted to fly. In some circumstances the second of these persons
may be the pilot. An extract from BCAR’s covering the duplicate inspection procedures is given
at Appendix A. Note: BCAR Are the BRITISH CIVIL AIRWORTHINESS REQUIREMENTS
and will continue to apply for the time being.

TAKE OFF CONFIGURATION WARNING
The take-off configuration warning is armed when the aircraft is on the ground and the forward

thrust levers are advanced for take-off. An intermittent take-off warning sounds if some or all
of the following conditions exist:

a) The stabiliser trim is outside the safe range.

b) The trailing edge flaps are not in the take-off position.

c) Leading edge high lift devices are not in the take-off position.
d) Speed brake lever not in the down position.

e) All doors are not fully locked.

f) Flight controls are not fully unlocked (aircraft fitted with internal control locks)

The warning indication is cancelled when the incorrect setting is corrected.

A steady warning horn alerts the pilots when the aircraft is in landing configuration and any
landing gear is not down and locked. The landing gear warning horn is also activated by flap
and thrust lever position.

HIGH LIFT DEVICES.

Most jet transport aircraft are fitted with high lift devices on both leading and trailing edges
which increase the lift coefficients to enable the aircraft to generate large amounts of lift at low
speed for take-off and landing. Smaller aircraft are usually just fitted with trailing edge flaps.
TRAILING EDGE FLAPS.

There are various types of flap design which all increase both lift and drag in varying amounts.

The most popular type for light aircraft is the plain or camber flap with slotted Fowler flaps
widely used on large transport aircraft. See diagram 1.7 below.
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INTRODUCTION

High Lift Devices

Increase of
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Angle of
basic
aerofoil at
max lift
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P

Basic Aerofoil

15°

Effects of all high
lift devices depend
on the basic
shape of the
aerofoil

~

Plain or camber flap

50%

12°

Increase camber.
Much drag when
fully down. Nose
down pitching
moment

!

Split Flap

60%

14°

Increase camber.
Even more drag
than plain flap.
Nose down
pitching moment

Zap Flap

90%

13°

Increase camber
and wing area.
Much drag. Nose
down pitching
moment

|

Slotted Flap

65%

16°

Control of boundary
layer. Incresed
camber. Stalling
delayed. Not so
much drag.

|

Double Slotted Flap \

70%

18°

Same as single

slotted flap only

more so. Treble
slots sometimes
used.

’

Fowler Flap \

90%

15°

Increased camber and
wing area. Best flaps
for lift. Complicated
mechanism. Nose
down pitching moment

Fig 1.7 Trailing Edge Flaps
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A typical trailing edge flap system is shown in fig 1.8.

Operation of the flight deck selector produces an input to the Slat/flap computers (20ff) which
control, monitor and test the operation of the flaps. An electrically controlled hydro-mechanical
power unit drives the transmission which moves the flaps. The position of the flaps is indicated
on the cockpit display and the flaps are protected against asymmetric operation, runaway,
uncommanded movement and overspeed.. Torque limiting brakes are fitted to stop the operation
if excess torque is sensed.

The flap Load Relief System (LRS) or load limiter retracts the flaps to the mid position if the
airspeed exceeds a predetermined speed and automatically returns them to the fully extended
position if the airspeed drops below its predetermined limit.

In the event of failure of the main control system, emergency operation of the flaps may be
achieved by an alternate hydraulic supply or an electric motor which drives the trailing edge
drive unit (gearbox) which then operates the same gear train.

Trailing Edge Flaps

\ NN Spoilers (shown extended)

NN
NN
T\ N
/ /v AN < ~ o
N AN
N N
AN N
Flaps AN N
AN
N
N
N
~
Landing Position Take-off Position

_____ -
- N,

,,,,, 7= ¥ =
Ed /

Slots

Fig 1.8 Trailing Edge Flaps
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1.14

LEADING EDGE DEVICES

These may consist of slats, Kreuger flaps or variable camber flaps or some combination as on
the 747 which uses Kreuger flaps for the inboard section and variable camber for the outboard.
Leading edge flaps and slats are operated by hydraulic power or by air turbine motors and
controlled by operation of the flap lever. The three types of leading edge devices are shown in
figure 1.10.

Flaps are hinged surfaces that extend by rotating downward from the lower surface if the wing
leading edge. Slats are sections of the wing leading edge that extend forward to form a sealed
or slotted leading edge depending on the trailing edge flap setting.

The leading edge flaps and slats are retracted when the trailing edge flaps are retracted. The
leading edge flaps extend fully and slats extend to the midway position (depending on aircraft
type) when the trailing edge flaps move into the intermediate position, and when the trailing
edge flaps are fully lowered, the slats extend fully. The sequence is reversed when the flaps are
retracted .

Alternate hydraulic operation of the leading edge devices is a standby hydraulic system or, in
the case of those powered by air turbine motors, an electrical standby system. The leading
devices will then fully extend. The LE devices cannot be retracted by the alternate system.

An autoslat system may be incorporated that will automatically extend the slats from the
intermediate position to the fully extend position. This system will operate if the aircraft
approaches the stall angle of attack and the slats are not fully extended.

Typical indications for flap and slat/leading edge flap positions are shown below, on the left an
electronic display and on the right an analogue display from an older aircraft.

m m Leaping oy (LB EXT
I

EDGE —Up-

S F
P/-\ . —-10 -

. FULL |

O i \ FLAP
]

: POSITION —30 —
\\ / —45 -
FLAP

Figure 1.9 Typical Electronic and Analogue Position Indicators
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FLAPS

SLATS

Rotary
Actuators

Outboard Slats

~a=! Kreuger Flap

’ 7
7
X4 4

; Variable Camber Flap

Extended

Retracted

Driveshaft to right

Tee Gearbox

Power Drive Unit
(Hydraulic or pneumatic
motor)

Rotary Driveshaft
(Torqueshaft)

Fig 1.10 Leading Edge Flaps and Slats
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1.15 SPEEDBRAKES

Speedbrakes consist of flight spoilers and ground spoilers. The speedbrake lever controls a
spoiler mixer, which positions the flight spoiler control units, Power Control Units (PCU’s), and
a ground spoiler control valve. The surfaces are actuated by hydraulic power supplied to the
PCU’s or to actuators on each surface. Ground spoilers operate only on the ground, due to a
ground spoiler shut-off valve which remains closed until the main landing gear operates a
‘weight on’ switch.

With lateral controls in neutral, application of the speed brakes will cause the flight spoilers to
raise equally.

When speed brakes are applied on the ground, the ground spoilers will also rise. Moving the
speedbrake control lever will provide an input to the spoiler mixer via a mechanical system.

The spoiler mixer conveys the speed brake signals to a ground spoiler control valve and to the
flight spoiler actuators.

Ground spoiler shut off valve, fitted in the hydraulic system downstream of the spoiler control
valve, is operated by a ‘weight on’ switch.

Speed brake control may also be applied by an electric speed brake lever actuator. When
‘armed’, the actuator will drive the speed brake lever to the ‘full up ‘ position, raising the flight
and ground spoilers when the landing gear wheels rotate on touchdown.

If the engine thrust levers are opened up again on the landing run, the actuator will sense the
aborted landing and will lower the flight and ground spoilers.

" ¢ SPOILER

OFF ) OFF
lON u H ON 1

FLIGHT

SPOILERS !
GROUND

SPOILERS %

FLIGHT
SPOILERS

GROUND
SPOILERS

SPOILER
MIXER

GROUND SPOILER
CONTROL VALVE

GROUND SPOILER
SHUTOFF VALVE

Figure 1.11 Typical Speed Brake/Lift Dumper System
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1.16

1.17

TYPICAL FLIGHT SPOILER SYSTEM

Two flight spoilers are located on the upper surfaces of each wing. The outboard spoilers are
powered by one hydraulic system, whilst the inboard spoilers are powered by a second system.
Hydraulic pressure shut off valves are controlled by the two flight spoiler switches.

The flight spoilers are hydraulically actuated in response to movement of the aileron controls.
A spoiler mixer, connected to the aileron control system, controls the hydraulic PCUs on each
spoiler panel to provide spoiler movement proportional to aileron movement. Flight spoilers rise
on the wing with the ‘up going’ aileron and remain retracted on the wing with the ‘down going’
aileron.

SPOILER OPERATION

Aileron control wheel rotation transmits roll control signals to the aileron Power Flying Control
Units through the captain’s control cables.

Aileron Power Flying Control Unit movement actuates the ailerons and simultaneously sends
a roll control signal to the spoiler mixer.

Rotation of the spoiler mixer output mechanism, actuates the spoiler control valves to raise the
spoilers on the down going wing (up going aileron).

Vertical rotation of the spoiler actuators provides the follow up to cancel the control valves input
when the desired spoiler deflection has been achieved. This follow up allows the flight spoilers
to be positioned at any intermediate angle between retracted and fully up. In this manner, the
flight spoilers assist the ailerons in providing lateral control.

Flight spoiler hydraulic power is controlled by electric motor driven valves situated in the flight
control power system, allowing the spoilers to be isolated if required. Two spoiler switches
individually control these valves. The flight spoilers continue to provide lateral control when
used as speedbrakes and will add any roll demand to the position already demanded by the
speedbrake. ie. If the speedbrakes are deployed then if the aircraft is rolled to the right, the right
spoilers will move further up, and the left spoiler will stay at the position demanded by the
speedbrake.
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SPEED BRAKE LEVER

DOWN DETENT
ALL FLIGHT AND GROUND
SPOILERS RETRACTED

ARMED

AUTOMATIC SPEED BRAKE SYSTEM ARMED.
ON TOUCHDOWN SPEED BRAKE LEVER
MOVES TO THE UP POISITION AND ALL

FLIGHT AND GROUND SPOILERS EXTEND

L FLIGHT
| DETENT

FLIGHT DETENT
’ FLIGHT SPOILERS EXTEND FOR INFLIGHT
. LATERAL CONTROL IN CONJUNCTION WITH

THE AILERONS.

l upP

| upP

| ALL FLIGHT AND GROUND SPOILERS
EXTEND TO THEIR MAXIMUM

POSITION FOR GROUND LIFT
DUMPING OPERATIONS.

LIGHT ILLUMINATED
INDICATES ABNORMAL CONDITION OR
TEST INPUTS TO AUTOMATIC SPEED
BRAKE SYSTEM

SPEED BRAKE

DO NOT ARM

LIGHT ILLUMINATION
SPEED BRAKE | INDICATES VALID AUTOMTIC SPEED
ARMED BRAKE SYSTEM INPUTS

Courtesy of the Boeing Company )
Figure 1.12 Speed Brake Selector
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1.18

AUTOMATIC GROUND SPEED BRAKE CONTROL OPERATION

Operation is a function of input signals from:

a)

b)

d)

e)

Speed brake lever selected to the armed position. Arming the speed brake lever,
places the flight and ground spoilers in the automatic lift dumping mode of operation.

Anti-skid (wheel spin up) The anti-skid system will send electrical power signals to
the wheel speed relays for each wheel. A combination of wheel spin up signals (on
touchdown) through two parallel circuits will energise the speed brake actuator to drive
the speed lever to the up position, so raising all spoilers.

Air/ground sensing. If both anti-skid channels are inoperative on touchdown, the
Air/Ground sensing circuits will actuate the system when the landing gear strut is
compressed.

Thrust lever positions. Retarding the thrust levers on touchdown, will operate the
speed brake lever to raise all spoilers.

Thrust reverser operation. The reverser system linkage mechanically raises the speed
brake lever and energises a relay which supplies power to the speed brake system,
raising all spoilers.

Excess IAS protection. There will be an automatic protection system to prevent
deployment at excess IAS.

The system has a ‘Go - Round’ capability whereby a wheel spin-up after slowing down or the
opening of the thrust levers will retract all spoilers.
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APPENDIX A

CIVIL AVIATION AUTHORITY

2.1

2.2

3.1

3.2

CONTROL SYSTEMS

INTRODUCTION. The purpose of this Leaflet is to provide general guidance and
advice on the inspection procedures for control systems which are either manually
operated, power assisted or power operated. The Leaflet should be read in conjunction
with the relevant approved drawings and manuals for the aircraft concerned.

CONTROL SYSTEMS. A control system is defined as a system by which the flight
attitude or the propulsive force of an aircraft is changed.

For the purpose of duplicate inspection (see paragraph 2.2), the flight control system
includes the main control surfaces, lift and drag devices and trim and feel systems,
together with any flight control lock systems and the associated operating mechanisms
and controls. On the case of rotorcraft, the flight control system includes the mechanisms
used by the pilot to control collective pitch, cyclic pitch and yaw. The engine control
system includes the primary engine controls and related control systems (eg throttle
controls, fuel cock controls, oil-cooler controls) and the mechanisms used by the crew to
operate them.

Duplicate Inspection. A duplicate inspection of a vital point/control system is defined
as an inspection which is first made and certified by one qualified person and
subsequently made and certified by a second qualified person.

NOTE: Vital Point. Any point on an aircraft at which single malassembly could lead
to catastrophe, ie result in loss of aircraft and/or in fatalities (see BCAR Section A,

-~ Chapter A5-3).

2.2.1 Components, systems or vital points subject to duplicate inspection, must not be
disturbed or re-adjusted between the first and second part of the inspection must,
as nearly as possible, follow immediately after the first part.

2.2.2  Insome circumstances, due to peculiarities of assembly or accessibility, it may
be necessary for both parts of the inspection to be made simultaneously.

INSPECTION OF CONTROL SYSTEM COMPONENTS
Control system components, the part of which are concealed during bench assembly
before installation, shall be inspected in duplicate on assembly during manufacture,

overhaul or repair.

Both parts of the duplicate inspection and the results of any tests made during and after
final assembly shall be certified on the Inspection Record for the part concerned.
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4.

4.1

4.2

4.3

44

5.1

DUPLICATE INSPECTION OF CONTROL SYSTEMS

A duplicate inspection of the control system in the aircraft shall be made (a) before the
first flight of all aircraft after initial assembly, (b) before the first flight after the overhaul,
replacement, repair adjustment or modification of the system. The two parts of the
duplicate inspection shall be the final operations and as the purpose of the inspection is
to establish the integrity of the system all work should have been completed. If after the
duplicate inspection has been completed, the control system is disturbed in anyway
before the first flight, that part of the system which has been disturbed shall be inspected
in duplicate (paragraph 2.2) before the aircraft flies.

In some instances it may not be possible after complete assembly of the aircraft to inspect
all parts of the system because some sections of the system may get progressively ‘boxed
in’ and sealed during assembly operations. In such cases the condition and security of
any section which is liable to be sealed must be established to the satisfaction of the
persons named in paragraph 5 before the section is sealed and related Inspection Record
endorsed accordingly.

Inspection Records should be carefully prepared to ensure that any duplicate inspection
required at an early stage during assembly operations is clearly indicated, thus avoiding
unneccessary dismantling at later stages.

The correct functioning of control systems is at all times of vital importance to
airworthiness. It is also essential that suitably licensed aircraft engineers and members
of approved inspection organisations responsible for the inspection or duplicate
inspection should be thoroughly conversant with the systems concerned. The inspection
must be carried out systematically to ensure that each and every part of the system is
correctly assembled and is able to operate freely over the specified range of movement
without the risk of fouling. Also that it is correctly and adequately locked, clean and
correctly lubricated and is working in the correct sense in relation to the movement of the
control by the crew.

PERSONS AUTHORISED TO CERTIFY DUPLICATE INSPECTIONS

Persons authorised to make the first and second parts of the duplicate inspection of the
control systems in accordance with BCAR Section A Chapter A6-2 are as follows:-

a) Aircraft engineers appropriately licensed in Categories A, B, C, and D.

b) Members of appropriately Approved Organisations who are considered by the
Chief Inspector competent to make such inspections, in accordance with
Airworthiness Notice No. 3.

For minor adjustments to control systems when the aircraft is away from base, the second

part of the duplicate inspection may be performed by a pilot or flight engineer licensed
for the type of aircraft concerned.
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52 Certification. It is recommended that the certification of the duplicate inspection be in
the following form:-

Duplicate inspection performed in accordance with the requirements of BCAR, Section

A Chapter A6-2.

1 InSPection  .....cccceeveevreeererernnennnn signature
.................................... authority

27 [NSPECHION  vovevevereeeeeeeeeeeetere e signature
.................................... authority
Date ..cocovvevieeiiiins
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2.1

2.2

PURPOSE OF CONTROLS

For steady flight the aircraft must be in a state of balance (zero moments around the axes) and
the controls enable this to be achieved for all possible configurations and C.G. positions.
Secondly the controls will be required to manoeuvre the aircraft around its three axes.

MOMENTS AROUND THE AXES

a) Longitudinal axis. Rotation around the longitudinal axis is rolling and is controlled by
the ailerons, or for some aircraft, spoilers, or by a combination of the two.

b) Lateral Axis. Rotation around the lateral axis is pitching and is controlled by the
elevators, or by a moving tailplane.

c) Normal Axis. Rotation around the normal axis is yawing and is controlled by the
rudder.

On some of aircraft, rotation around two of the axes may be achieved with one control surface:

a) The elevon (elevator and aileron) used on tail-less aircraft gives both pitching and
rolling.

b) The ruddervator (V tail) gives both pitching and yawing

c) The stabilator a moveable tailplane combining the dual function of horizontal stabiliser
and elevator i.e. gives both longitudinal stability and control.

The moment around an axis is produced by changing the aerodynamic force on the appropriate
aerofoil (wing, tail or fin) and this may be done by:-

a) changing the camber of the aerofoil
b) changing the angle of attack (incidence) of the aerofoil
c) decreasing the aerodynamic force by “spoiling” the airflow
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2.3

Increasing the camber of an aerofoil will
increase its lift, and deflecting a control
surface down effectively increases its
camber.

This principle can be applied to control
about each of the axes, the elevator for pitch,
the aileron for roll, and the rudder for yaw.

Increasing the incidence and hence the angle
of attack of an aerofoil will also increase its
lift. The usual application of this system is
for pitch control - the moving tail
(stabilator).

Fig 2.1.

Figure 2.1

The spoiler is a device for reducing the lift of an aerofoil, by disturbing the airflow over the
upper surface. It is used to give lateral control by reducing the lift on one wing but not on the
other.

Figure 2.2

HINGE MOMENTS

If an aerodynamic force acts on a control surface, it will tend to rotate the control around its
hinge, in the direction of the force. The moment will be the force multiplied by the distance
from the hinge to the control surface centre of pressure. This is called the hinge moment. The
force may be due to the angle of attack of the aerofoil or the deflection of the control surface.

It is assumed that the total hinge moment is the sum of the separate effects of angle of attack and
control surface deflection. To maintain the control in its position the pilot has to balance the
hinge moment by applying a load to the cockpit control. The cockpit control load will therefore
depend on the size of the hinge moment.
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2.5

HINGE MOMENT =F x d

Ny —

Figure 2.3

CONTROL BALANCING

The aerodynamic force on the control at a given deflection will depend on the size of the control
surface, and the speed squared. For large and fast aircraft the resulting force could give hinge
moments and stick forces which would be too high for easy operation of the controls.

The pilot will required assistance to move the controls in these conditions, and this can be done
by using power operation, or by using aerodynamic balance.

Figure 2.4
AERODYNAMIC BALANCE

Aerodynamic balance involves using the aerodynamic forces on the control surface, to reduce
the hinge moment, and may be done in several ways:

a) Set back hinge line. The moment arm of the control surface force is the distance from
the hinge to the centre of pressure on the control surface. If the hinge is moved back

into the control surface, the arm and the hinge moment will be reduced.

Setting the hinge back does not reduce the effectiveness of the control, only the hinge
moment of the force is reduced, not the force itself.
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b)

d)

Horn Balance. The principle of the
horn balance is similar to that of the set-
back hinge, in that part of the surface is
forward of the hinge line, and forces on
this part of the surface give hinge
moments which are in the opposite
direction to the moments on the main
part of the surface. The overall moment
is therefore reduced, but not the control
effectiveness.

Figure 2.5

Internal Balance. This balance works on the same principle as the set-back hinge, but
the balancing area is inside the wing.

BALANCE SEAL

Figure 2.6

Movement of the control causes pressure changes on the aerofoil, and these pressure
changes are felt on the balance area. For example, if the control surface is moved down,
pressure above the aerofoil is reduced and pressure below it is increased. The reduced

- pressure is felt on the upper surface of the balance, and the increased pressure on the

lower surface. The pressure difference on the balance therefore gives a hinge moment
which is the opposite to the hinge moment on the main control surface, and the overall
hinge moment is reduced.

Balance Tab. All the types of balance considered above provide balance by causing
some of the pressures on the control surface to act forward of the hinge line. The
balance tab causes a force to act on the control surface trailing edge, which is opposite
to the force on the main control surface. The tab is geared to move in the opposite
direction to the control surface whenever the control surface is deflected.
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CONTROLS

Figure 2.7

Unlike the previous types of balance, the balance tab will give some reduction in control
effectiveness, as the tab force is opposite to the control force.

Anti-balance Tab. The anti-balance tab is geared to move in the same direction as the
control surface, and so will increase the control effectiveness, but of course will increase
the hinge moment and give heavier stick forces.

Spring Tab. The spring
tab is a modification of
the balance tab, such that
the tab movement is
proportional to the
applied stick force.
Maximum assistance is
therefore obtained when
the stick forces are
greatest. This 1is
achieved by putting a
spring in the linkage to
the tab. The spring tab is
used mainly to reduce
control loads at high
airspeeds.

Figure 2.8
STICK WITHOUT SPRING TAB
FORCE
~WITH SPRING TAB
r
-~
~
-
SPEED
Figure 2.9

4.2-5 © Oxford Aviation Services Limited



FLIGHT CONTROLS CONTROLS

2.6

HIGH AIR LOADS

o,

Figure 2.10

LOW AIR LOADS

g) Servo Tab. The purpose of the servo tab is to enable the pilot to move the control
surface easily. In this system there is no direct movement of the control surface as a
result of moving the cockpit control. The pilot’s control input deflects the servo tab, and
the force on the tab then deflects the control surface until an equilibrium position is
reached. Ifthe aircraft is stationary in the ground, movement of the cockpit control will
give no movement of the control surface, only of the tab, and it should be noted that if
external control locks are fitted to the control surface, the cockpit control will still be
free to move.

MASS BALANCE

Mass balance is a weight attached to the control surface forward of the hinge. Most control
surfaces are mass balanced. The purpose of this is to prevent control surface flutter. Flutter is
an oscillation of the control surface which can occur due to the bending and twisting of the
structure under load. If the centre of gravity of the control surface is behind the hinge, its inertia
causes it to oscillate about its hinge when the structure distorts. In certain circumstances the
oscillations can be divergent, and cause failure of the structure.

Flutter may be prevented by adding weight to the control surface in front of the hinge line This
brings the centre of gravity of the control forward to a position which is normally close to, or
slightly in front of the hinge, but always to the point required by the designers . This reduces
the inertia moments about the hinge and prevents flutter developing. Figure 2.11 illustrates some
common methods of mass balancing.
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2.7

2.8

Figure 2.11

LONGITUDINAL CONTROL

Control in pitch is usually obtained by elevator or by a moving tailplane, and the controls must
be adequate to balance the aircraft throughout its speed range, at all permitted C G positions and
configurations and to give an adequate rate of pitch for manoeuvres.

LATERAL CONTROL

Lateral control is by the ailerons produce a rolling moment by increasing the lift on one wing
and decreasing it on the other.

Adverse aileron yaw

The increased lift on the up-going wing gives an increase in the induced drag, whereas the
reduced lift on the down going wing gives a decease in induced drag. The difference in drag on
the two wings produces a yawing moment which is opposite to the rolling moment, that is, a roll
to the left produces a yawing moment to the right. This is known as adverse yaw.

Various methods have been adopted to reduce the adverse yaw, the main ones in use are:-

a) Differential ailerons. The aileron linkage causes the up-going aileron the move
through a larger angle than the down-going aileron. This increases the drag on the up
aileron, and reduces it on the down aileron, and so reduces the difference in drag
between the two wings.
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2.10

b) Frise ailerons. The Frise aileron has an asymmetric leading edge, as illustrated in Fig.
2.12.
The leading edge of the up-going aileron protrudes below the lower surface of the wing,
causing high drag. The leading edge of the down-going aileron remains shrouded and

causes less drag.

Figure 2.12

c) Aileron-rudder coupling. In this system the aileron and rudder systems are
interconnected, so that when the ailerons are deflected the rudder automatically moves
to counter the adverse yaw.

If roll spoilers are used to augment the roll rate obtained from the ailerons, they will reduce the
adverse yaw, as the down-going wing will have an increase in drag due to the raised spoiler.

INBOARD AILERONS

The ailerons are normally situated at the wing tip, to give the greatest moment for the force
produced. However this also means that they cause the maximum twisting and bending loads
on the wing. This can cause a loss of effectiveness or even reversal of the aileron. To reduce
these effects the ailerons can be mounted further inboard. Alternatively, two sets of ailerons may
be fitted, one set at the wing tip for use at low speeds when the forces involved are low, and one
set inboard for use at high speeds when the forces are greater and could cause greater structural
distortion.

FLAPERONS

The flaps and the ailerons both occupy part of the trailing edge of the wing. For good take-off
and landing performance the flaps need to be as large as possible, and for a good rate of roll, the
ailerons need to be as large as possible. However, the space available is limited, and one
solution is to droop the ailerons symmetrically to augment the flap area. They then move
differentially from the drooped position to give lateral control. Another system is to use the
trailing edge moveable surfaces to perform the operation of both flaps and ailerons.
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2.11

2.12

2.13

SPOILERS

Spoilers may be used to give lateral control, in addition to, or instead of ailerons. The spoiler
consists of part of the upper surface of the wing which can be raised. It is illustrated in Figure
2.3. Raising the spoiler will disturb the airflow over the wing and reduce the lift. To function
as a lateral control, the spoiler is raised on the wing which is required to move downwards, and
remains in its retracted position on the other wing. Unlike the aileron the spoiler cannot give
an increase of lift, and so a roll manoeuvre controlled by spoilers will always give a net loss of
lift. However the spoiler has several advantages compared to the aileron :

a) There is no adverse yaw. The raised spoiler increases the drag, and so the yaw is in the
same direction as the roll.

b) Wing twisting is reduced. The loss of lift is distributed across the chord rather than
being concentrated at the trailing edge.

c) At transonic speed its effectiveness is not reduced by shock induced separation.
d) It cannot develop flutter.
e) Spoilers do not occupy the trailing edge, which can then be utilised for flaps.

COMBINED AILERON AND SPOILER CONTROLS

On a few aircraft, lateral control is entirely by spoilers, but in the majority of applications the
spoilers work in conjunction with the ailerons. Ailerons alone may be inadequate to achieve
the required rate of roll at low speeds when the dynamic pressure is low, and at high speeds they
may cause excessive wing twist, and begin to lose effectiveness if there is shock induced
separation. Spoilers can be used to augment the rate of roll, but may not be required to operate
over the whole speed range. On some aircraft the spoilers are only required at low speed, and
this can be achieved by making them inoperative when the flaps are retracted. Movement of the
cockpit control for lateral control is transmitted to a mixer unit which causes the spoiler to move
up when the aileron moves up, but to remain retracted when the aileron moves down.

SPEED BRAKES

Speed brakes are devices to increase the drag of an aircraft when it is required to decelerate
quickly or to descend rapidly. Rapid deceleration is required if turbulence is encountered at
high speed, to reduce the speed to the Rough Air Speed as quickly as possible. A high rate of
descent may be required to conform to Air Traffic Control requirements, and particularly if an
emergency descent is required.
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2.14

2.15

2.16

TYPES OF SPEED BRAKE

Ideally the speed brake should produce an increase in drag with no loss of lift or change in
pitching moment. The fuselage mounted speed brake is best suited to meet these requirements.
( Figure 2.13)

FUSELAGE MOUNTED
AIR BRAKE

WING MOUNTED
AIR BRAKE

Figure 2.13

However, as the wing mounted spoiler gives an increase in drag, it is convenient to use the
spoilers as speed brakes in addition to their lateral control function. To operate them as speed
brakes they are controlled by a separate lever in the cockpit and move symmetrically. Speed
brakes are normally cleared for operation up to Vy,, but may “blow back” from the fully
extended position at high speeds. Spoilers will still function as a roll control whilst being used
as speed brakes, by moving differentially from the selected brake position.

EFFECT OF SPEED BRAKES ON THE DRAG CURVE

The drag resulting from the operation of speed brakes is profile drag, and so will not only
increase the total drag but will also decrease V4. This is advantageous at low speeds as the
speed stability will be better than with the aircraft in the clean configuration.

GROUND SPOILERS ( LIFT DUMPERS)

During the landing run the decelerating force is given by the aerodynamic drag and the drag of
the wheel brakes. The wheel brake drag depends on the weight on the wheels, but this will be
reduced by any lift that the wing is producing. The wing lift can be reduced by operating the
wing spoilers. Both the brake drag and the aerodynamic drag are therefore increased, and the
landing run reduced. On many aircraft types, a4dditional spoilers are provided for use on the
ground. These ground spoilers are made inoperative in flight by a switch on the undercarriage
leg which is operated by the extension of the leg after take-off.
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2.17

2.18

2.19

DIRECTIONAL CONTROL

CONTROLS

Control in yaw is obtained by the rudder. The rudder is required to:-

a) maintain directional control with asymmetric power
b) correct for crosswinds on take off and landing
c) correct for adverse yaw
d) recover from a spin
e) correct for changes in propeller torque on single engined aircraft
450
RUDDER RATIO CHANGER
400
With a simple control system, full rudder
pedal movement will provide full rudder 350
deflection. With high speed aircraft, |«
while it is necessary to have large rudder |S 300
deflections available at low speed, when g
flying at high speed, full rudder Z 250
deflection would cause excessive loads o
on the structure. To prevent this occuring w 200
a gear change system can be incorporated &
into the rudder control system. This may 150
be a single gear change which gives a 100

smaller rudder deflection for full pedal
movement above a certain speed, or a
progressive gear change which gives a
decreasing rudder deflection with full
pedal movement as speed increases.

TRIMMING

50

5 10 15 20 25 30
RUDDER ANGLE - DEGREES

Figure 2.14

An aeroplane is trimmed when it will maintain its attitude and speed without the pilot having to
apply any load to the cockpit controls. If it necessary for a control surface to be deflected to
maintain balance of the aircraft, the pilot will need to apply a force to the cockpit control to hold
the surface in its deflected position. This force may be reduced to zero by operation of the trim
controls. The aircraft may need to be trimmed in pitch as a result of :

4.2-11
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2.20

221

a) changes of speed
b) changes of power
c) varying C.G. positions

Trimming in yaw will be needed :

a) on a multi-engined aircraft if there is asymmetric power
b) as a result of changes in propeller torque

Trimming in roll is less likely to be needed, but could be required if the configuration is
asymmetric, or if there is a lateral displacement of the C.G.

METHODS OF TRIMMING

Various methods of trimming are in use, the main ones are:

a) the trimming tab

b) variable incidence tailplane

c) spring bias

d) C G adjustment

e) adjustment of the artificial feel unit
TRIMMING TAB

The trimming tab is a small adjustable surface set into the trailing edge of a main control surface.
It’s deflection is controlled by a trim wheel or switch in the cockpit, usually arranged to operate
in an instinctive sense. To maintain the primary control surface in its required position, the tab
is moved in the opposite direction to the control surface, until the tab hinge moment balances
the control surface hinge moment.

F,xb=F,xa

Figure 2.15

Operation of the trimming tab will slightly reduce the force being produced by the main control
surface.
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2.22

2.23

FIXED TABS

Some trimming tabs are not adjustable in flight, but can be adjusted on the ground, to correct a
permanent out of trim condition. They are usually found on ailerons. They operate in the same
manner as the adjustable tabs.

VARIABLE INCIDENCE TAILPLANE

This system of trimming may be used on manually operated and power operated tailplane-
elevator controls. In the manual system the load on the elevator is felt on the control column,
but the load on the tailplane is not. To trim, the tailplane incidence is adjusted by the trim wheel,
until the total tailplane and elevator load with the elevator free, is equal to the balancing load
required. As an alternative to the trim wheel the variable incidence tailplane may be operated
by trim switches which operate in pairs. These are usually on the control wheel and there may
be a pair of levers mounted on the centre console. One switch or lever controls the power, the
other controls the direction of movement of the trimming device. Both must be moved
simultaneously in order to trim the aircraft. This is to prevent inadvertent operation of the
longitudinal trim system.

STABILISER
TRIM SWITCHES

ONE SWITCH ARMS, THE Sé’%?m EDTO

OTHER OPENS TRIM

CONTROL UNIT VALVES

TO RELEASE BRAKE AND

POWER THE HYDRAULIC

MOTORS
BOTH SWITCHES MUST
BE PRESSED TO CONTROL
THE STABILISER TRIM
CONTROL UNITS

POSITIONED ON THE |
OUTBOARD ARM OF
BOTH CAPTAIN’S AND
CO-PILOT’S CONTROL
YOKES

Figure 2.16 FCVIT

4.2-13 © Oxford Aviation Services Limited



FLIGHT CONTROLS CONTROLS

2.24

2.25

%’ BEFORE TRIM

INPUT FROM

TRIM CONTROL
——VAFTER TRIM
TRIM > ez
JACK
Figure 2.17

The main advantages of this system are:
a) the drag is less in the trimmed state, as the aerofoil is more streamlined

b) trimming does not reduce the range of pitch control, as the elevator is approximately
neutral when the aircraft is trimmed.

In a power control system the load on the elevator is not felt on the cockpit control, but trimming
by adjusting the tailplane incidence may still be used as the above advantages are still obtained.
The amount of trim required will depend on the C.G. position, and recommended stabiliser
settings will be given in the aircraft Flight Manual. It is important that these are correctly set
before take-off, as incorrect settings could give either an excessive rate of pitch when the aircraft
is rotated, leading to possible tail strikes, or very heavy stick forces on rotation, leading to
increased take-off distances required.

SPRING BIAS

In the spring bias trim system, an adjustable spring force is used to replace the pilots holding
load. No tab is required for this system.

C G ADJUSTMENT

If the flying controls are used for trimming, this results in an increase of drag due to the
deflected surfaces. The out of balance pitching moment can be reduced by moving the CG
nearer to the centre of pressure, thus reducing the balancing load required and therefore the drag
associated with it. This will give an increase of cruise range. C G movement is usually
achieved by transferring fuel between tanks at the nose and tail of the aircraft.

4.2-14 © Oxford Aviation Services Limited
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2.26

2.27

2.28

ARTIFICIAL FEEL TRIM

If the flying controls are power operated, there is no feedback of the load on the control surface
to the cockpit control. The feel on the controls has to be created artificially. When a control
surface is moved the artificial feel unit provides a force to resist the movement of cockpit
control. To remove this force (i.e. to trim) the datum of the feel unit can be adjusted so that it
no longer gives any load.

MACH TRIM

The wing centre of pressure moves rearward as aircraft approach high subsonic speed and this
produces large nose down pitching moments known as “tuck under” . It is essential that the
aircraft is fitted with an automatic system of correcting this change in attitude. This system is
known as “mach trim” and is designed so that it will operate whether or not the autopilot or
some other method of automatic flight control is engaged. the system senses speed increases
above a datum mach number and, through a servo system produces the appropriate movement
of the horizontal stabiliser or a centre of gravity shift to maintain the trimmed flight position.
See fig 2.19 below

TRIM, FLAP and SPEED BRAKE SELECTORS

These controls are on the centre pedestal and usually consist of a large wheel for longitudinal
trim and smaller wheels or switches for lateral and directional trim (see fig. 2.18).

Flap and speed brake selectors are also on the centre pedestal. The flap lever usually has a detent
or gate between each flap position to prevent inadvertent operation and between three and five
positions depending on the aircraft type. The speed brake selector is shown in chapter 1
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Flap/slat
selector

Thrust levers

Speedbrake
lever

Pitch
trim

Centre
console

Aileron

trim \

Rudder
trim

Figure 2.18  Controls for Flap/slat, Trim and Speedbrake
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CONTROLS
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Figure 2.19
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2.29 CONTROL POSITION INDICATORS

The position of the controls is shown on the electronic systems displays on modern jet transports
but some older aeroplanes still use “baby aeroplane” mechanical indicators.

B R R R e

, L C R
. HYDQTY 099 1.00 0.98

APU EGT 440 RPM 103 CABIN ALT AUTO 1
OXY PRESS 1750 ELEV FEEL

R S
RUD
AlL ELEV AlL

SRS e

Control Position Indicators

Courtesy of Airbus Industrie

Figure 2.20 Electronic Display
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3.1

3.2

INTRODUCTION

On some modern aircraft, the flying controls are subjected to heavy loads due either to the
movement of large control surfaces or by the operation of the controls at high speeds. The
maximum control loads are specified in JAR-25.143 (¢)

To reduce the stick forces created by these heavy air loads, hydraulic or electric power is used.
The majority of powered flying controls are hydraulically operated and depending on the degree
of assistance required, will depend on whether they are fully powered or power assisted.
POWER OPERATED CONTROLS

The essential components of a simple power operated control system are;

a) A hydraulic actuator.

b) A servo or control valve.

c) An artificial feel unit.

The above components must also incorporate some form of control ‘follow up’ or ‘feed back’

to ensure that the control surface movement is proportional to the amount of selection made and
some form of feel which is proportional to the air loads on the control surfaces.

—T—’ SERVO - VALVE
CONTROL
L ACTUATOR | SURFACE

FOLLOW UP
CUTS OUT THE
OPERATION FEED BACK
Figure 3.1.

Figure 3.1. illustrates the system requirements
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3.3

OPERATION

When the control column is pulled back, the control valve is selected over to the left via the
control linkage. This action opens the left hand port of the actuator to hydraulic pressure whilst
opening the right hand port to return. Hydraulic pressure will now move the actuator housing
over to the left (since the piston is fixed to the aircraft), thus raising the elevator.

<— INPUT—>

ELEVATOR

JACK RAM BOLTED TO

HYDRAULIC AIRCRAFT STRUCTURE

JACK

Figure 3.2. A Powered Flying Control unit.

As the actuator housing moves, it gradually repositions the control valve pistons until they cover
the actuator ports again, thereby cutting off further hydraulic supply and blocking off the return
port. This creates a hydraulic lock in the actuator and prevents further control surface
movement. Control surface movement is therefore proportional to the amount of selection made
on the control valve and provides the necessary follow up system. This is a non-reversible
system in that movement of the control surface cannot move the control column.

When the flying controls are power operated, some form of control unit duplication becomes
necessary to guard against system failure. This is often accomplished by having power operated
control units duplicated either in parallel or series. These units will have some form of power
reversion like the one shown and will be operated by separate hydraulic systems. Should either
system fail or be taken off line by the pilot, then the drop in hydraulic pressure will allow the
spring loaded piston to open the bypass channel and so prevent a hydraulic lock from forming
in the actuator. This then will permit the PFCU to follow the control movement of the backup
unit.
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3.4

ARTIFICIAL FEEL UNITS

When hydraulic actuators are used to operate the controls, hydraulic pressure moves the control
surfaces thus removing from the pilot’s control any control feel. Under these conditions the pilot
would have no idea of the required amount of control surface movement to make and hence
would be in danger of over controlling the aircraft.

To prevent this from happening, artificial feel units are fitted to these systems which are
designed to give the pilot control feel which is proportional to the speed of the aircraft and to the
amount of control surface movement made. These units vary from a simple spring box as shown
in Figure 3.3. to a ‘Q’ pot operating system.

Figure 3.3.

Movement of the control column in either direction will compress one or other of the springs.
A simple ‘Q’ pot unit is shown Figure 3.4.. This unit contains a simple piston which is
connected through a double linkage to the control column so that whichever way the control
column moves, the piston will be pulled forward against pitot pressure which is admitted to the
forward side of the pot. The rear side of the pot is open to static to enable the pressure on the
front side of the piston to measure dynamic pressure which ensures that control feed is
proportional to aircraft speed.

(Pitot pressure - static pressure = dynamic pressure).

1 1
P+5pv2 - P =§pv2
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PITOT STATIC
PRESSURE PRESSURE

PFCU
CONTROL ROD

Figure 3.4.

To be effective, these ‘Q’ pots would have to be very large and so nowadays these units are used
in conjunction with a hydraulic spool valve selector which supplies hydraulic fluid to the piston.
Figure 3.5. shows a simple ‘Q’ pot operated feel unit.

BLEED TO
RETURN

Q' POT

~eg—— PITOT PRESSURE
~g— STATIC PRESSURE

- RETURN

HYDRAULIC PRESSURE

VALVE

.

Figure 3.5
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3.5

OPERATION

With the forward movement of the aircraft, pitot pressure is fed to the upper chamber of the ‘Q’
pot section of the unit, pushing down the diaphragm. The faster the aircraft flies, the greater will
be the pressure on top of the diaphragm. The diaphragm is connected to a spool type selector
valve so that the downward movement of the diaphragm opens the pressure port and partially
closes off the return port. Hydraulic fluid admitted to the unit will then pass to the forward side
of the piston and through a narrow channel to the underside of the spool valve to dampen its
downward movement. The faster the aircraft flies therefore, the higher will be the pitot pressure
pushing down on the diaphragm and the greater will be the opening of the pressure port in the
selector which means that the pressure in front of the piston will increase thereby increasing the
resistance to further control movement. The return port is never fully closed as this would
otherwise cause a hydraulic lock to form in the system. Large control movement will have a
similar effect on control feel as high speed flight does.

Figure 3.6 shows the two principal units in any powered flying control system and their
connection to the pilot’s control column.

PRESSURE

RETURN

CONTROL VALVE

RETURN

=——PITOT PRESSURE
STATIC PRESSURE

— RETURN

~«——— HYDRAULIC PRESSURE

Figure 3.6.
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3.6

ARTIFICIAL FEEL SYSTEM

The artificial feel system shown in Figure 3.7 uses both spring and hydraulic feel. Spring feel
units may be adequate at low speeds, but at higher speeds, greater resistance to cockpit control
movement is needed to prevent overstressing the aircraft structure.

The double cam on the aft elevator control quadrant illustrates the tendency of the artificial feel
system to put the control column into the neutral position. If the pilot moves the control column
he must compress the spring and overcome the force exerted on the hydraulic piston.

The feel computer provides the hydraulic feel. Pitot pressure is delivered to the top side of the
airspeed diaphragm and static pressure is fed to the other side of the diaphragm. The diaphragm
exerts a downward force on two sets of springs, one on top of the stabiliser position cam, the
other above the metering valve and this force is proportional to the aircraft speed.

FEEL COMPUTER BELLOWS
\ '—————————/ y

PITOT PRESSURE 3t

STATIC PRESSURE ——

CONTROL
COLUMN

RELIEF VALVE \

RETURN <€—&
HYDRAULIC

| METERING
VALVE

STABILIZER
HYDRAULIC PRESSURE

RETURN

~{—— SPRING FEEL

Figure 3.7

Metered pressure forces exerted against the internal horizontal surfaces of the metering valve
balance each other and tend to hold it in the neutral position. If the metered pressure exerted
against the relief valve at the top of the metering valve is enough to balance the downward force
exerted on it by the diaphragm and the spring, then the pressure inlet port remains closed.
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3.7

When the airspeed increases, the downward force on the metering valve increases and
overcomes the metered pressure force and moves the metering valve down, opening its interior
to the hydraulic pressure line until the metered pressure balances the downward force on the
metering valve. The metering valve continually modulates to compensate for metered pressure
bleed to return.

If the pilot moves the control column, he has to force the hydraulic feel piston up into the
cylinder and in so doing overcome the hydraulic force acting on the piston. The force exerted
by the pilot is transferred to the relief valve which opens slightly against pitot pressure acting
downwards on it and allows hydraulic fluid to bleed to return.

The feel computer also incorporates a load relieving trim system connecting the horizontal
stabiliser to the relief valve via the stabiliser position cam and the bellows. Operation of the
elevators places a stick force on the pilot’s controls which needs to be removed once control
movement has been completed. To remove this stick force, the pilot trims the variable incidence
stabiliser until the stick force is cancelled and the elevator returns to the neutral position.

FEEL TRIM SYSTEM

Figure 3.8. shows a basic sketch of a hydraulically operated artificial feel unit with feel trim
included. Normal operation of the controls creates a stick force which requires trimming out.
This is achieved by operation of the trim wheel which will relieve the downward pressure on the
metering valve by allowing the bellows to expand downwards at the same time as it trims the
tailplane or elevator to fly ‘Hands Off”.

PITOT PRESSURE

/smnc PRESSURE
. § TRIM
RETURN P

C&TR;LS! !
-

PRESSURE[ l |
e

—

ELECTRIC TRIM ACTUATOR

Figure 3.8
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3.8

Figure 3.9. shows a simplified schematic sketch of a powered flying controls system to be found
on a modern civil aircraft.

" CONTROL |
SYSTEM

,,,,,,,,,,,,,,

| PITOT

FEEL FEEL
;SY.SQT.EM}—’COMPUTER*{ UNIT 7T
Lo .

A

STABILIZER
POSITION
 TRIM —

'FLIGHT CONTROL |
. COMPUTERS |

SYSTEM 'B'

Figure 3.9.

FLY BY WIRE (FBW) SYSTEMS.

A powered flying control system that uses electronic inputs to a solenoid operated servo valve
rather than the mechanical inputs on conventional power controls. The pilot operates the flight
deck controls, which may be a side stick as with Airbus aircraft or a conventional control column
and rudder pedals. This in turn operates transducers which convert the mechanical input into an
electrical output which is amplified, processed by computers with the processed command signal
providing the input to the servo valve which controls the movement of a hydraulic actuator. The
A 320 is a typical example of an aircraft with a FBW system in which all surfaces are actuated
hydraulically and are electrically or mechanically controlled. The main controls architecture is
as follows.

Pitch Control

Elevator control electrical

Stabiliser control electrical for normal or alternate control. Mechanical for manual trim
control.

Roll Control

Ailerons electrical

Spoilers electrical
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Yaw Control

Rudder mechanical with electrical for yaw damping, turn co-ordination and
trim.

Slats and Flaps electrical

Speed Brakes electrical

The flight deck controls consist of two side sticks, conventional rudder pedals and pedestal
mounted controls and indicators.
Electrical control is by three types of computer:

1. ELAC ( Elevator Aileron Computer)
There are two of these computers which control the ailerons, elevators and stabiliser.

2.SEC (Spoilers Elevator Computer)
There are three of these computers which control the upper wing surfaces and the standby
elevator and stabiliser .

3. FAC ( Flight Augmentation Computer)
Two computers for electrical rudder control.

COMMANDS DIGITAL
COMPUTERS
T AUTOPILOT AETUATION
-
~ il
ELECTRICAL ELAC'S (2)
ORDERS
SEC'S (2
> (2)
SIDESTICK FAC'S (2)
> ELEVATOR
HYDRAULIC STABILISER
ACTUATORS

- AILERONS

q RUDDER PEDALS SPOILERS
‘ T RUDDER
MECHANICAL

BACKUP

STABILISER

| EF

Figure 3.10 Fly By Wire Block Diagram.

4.3-9 © Oxford Aviation Services Limited



FLIGHT CONTROL SYSTEMS POWERED FLYING CONTROLS

3.9 REDUNDANCY

Safeguards to eliminate the possibility of loss of control in the event of hydraulic or electrical
failure must be provided on modern transport aircraft. This is generally achieved by building
some form of redundancy into the control system. Splitting the control surfaces into two or three
sections, each powered by separate actuators and hydraulic systems is the usual method.
Computer system redundancy is also provided in the case of Airbus aircraft as shown in fig

3.11
2 Elevator, Aileron 3 Spoiler, Elevator 2 Flight Augmentation
Computers Computers Computers

SEC 1
ELAC1 FAC 1
[ELAct [ g [ FACt [

GND-SPL GND-SPL
— - 1 - 1
[ LAF ] [~ SPD-BRK [~ SPD-BRK] | LAF |

[ ROLL 1 [ ROLL |

ELAC1 2 : - NormControl : 1 2 ELAC
SEC 2 1 1 3 3 Norm Control 3 3 1 1 2 ... SEC
Horizontal Stabiliser ]
Y - Yellow hydraulic system Trim Actuator

B - Blue hydraulic system
G - green hydraulic system

FAC 1—HGH 1
B

L Elev
5T G FAC 1 a
ELAC 1 2 ELAC Yaw M
SEC 1 2 g ‘SEC Damper
Actuator

Figure 3.11 Flight control Redundancy
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FLIGHT CONTROL SYSTEMS SELF ASSESSMENT QUESTIONS
1. The purpose of pulley wheels in cable control systems is:
a. to ensure the cable tensions are equal throughout the system
b. to change the direction of the control cable
c. to ensure smooth operation of the system
d. to prevent the cable from slackening
2. The purpose of the primary stops in a control system is :
a. to set the range of movement of the control surface
b. to enable the secondary stops to be correctly spaced
c. to limit control movement to one direction only
d. to set the control surface neutral position
3. The purpose of the secondary stops in a control system is :
a. to reduce the control loads on the primary stops
b. to limit control surface range in the event of primary stop failure
c. to limit the secondary control system from excessive movement
d. to remove the excess backlash in the controls
4, The purpose of the fairleads in a cable control system is to :
a. alter the angle of deflection of the cables
b. to guide the cables on to the pulley wheels
c. to attach the cables to chain drives
d. to keep the cable straight and clear of structure
5. In a cable control system cables are tensioned to :
1. remove backlash from the control linkage
2. provide tension on the turnbuckles
3. provide positive action in both directions
4. ensure the full range is achieved
5. compensate for temperature variations
a. 1,3 and S only
b. 3 only
c. 4 only
d. all the above
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6.

POWERED FLYING CONTROLS

In a cable control system the cables are mounted in pairs to :

1.

“oA W

/o o

remove backlash from the control linkage
provide tension on the turnbuckles
provide positive action in both directions
ensure the full range is achieved
compensate for temperature variations

1,3 and 5 only
3 only

4 only

all the above

In a manual flying control system the control inputs to the primary control surfaces :

Al ol B

/oo

are reversible

are irreversible

are instinctive for the movement required

are opposite for the movement required

are limited in range by flight deck obstructions

1 and 4 only
2 and 4 only
1 and 3 only
1,3 and 5 only

To yaw the aircraft to the right :

o o

the right rudder pedal is pushed forward and the rudder moves to the left
the right rudder pedal is pushed forward and the rudder moves to the right
the left rudder pedal is pushed forward and the rudder moves to the left
the left rudder pedal is pushed forward and the rudder moves to the left

To roll the aircraft to the right :

S

the rudder control is moved to the right, the right aileron moves up and the left down.
the aileron control is moved to the left and the right aileron moves up and the left down.
The aileron control is moved to the right and the right elevator goes up and the left one
down. ”

The aileron control is moved to the right, the right aileron goes up and the left one down.
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10. The advantages of a cable control are :
1. light, very good strength to weight ratio
2. easy to route through the aircraft
3. less prone to impact damage
4. takes up less volume
5. less bolted joints

e o

1 and 2 and 4 only
3 and 5 only

1,2 and 5 only

all the above
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SELF ASSESSMENT QUESTION ANSWERS

1B
2A
3B
4D
SA
6B
7C
&B
9D
10D
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CONDITIONING AND PRESSURISATION AIRCRAFT PNEUMATIC SYSTEMS

1.1

1.2

AIRCRAFT PNEUMATIC SYSTEMS.

A pneumatic system is fitted in most modern aircraft to supply some or all of the following
aircraft systems.

a) Airconditioning.
b) Pressurisation
c) Aerofoil and engine anti-icing
d) Air turbine motors, e.g.
i) Engine starting
ii) Hydraulic power
i) Thrust reverse

iv) Leading and trailing edge flap/slat operation
e) Pneumatic rams, e.g. Thrust reverser actuation
f) Hydraulic reservoir and potable water tank pressurisation
g) Cargo compartment heating

Most of these systems use high volume low pressure airflow bled from the compressor stages
of a gas turbine engine, see Figures 1.1a. and 1.1b.. Other sources of supply are engine driven
compressors or blowers , auxiliary power unit bleed air and ground power units.

Some older turbo-propeller and piston engined aircraft use high pressure pneumatic systems for
the operation of landing gear, brakes, flaps etc. (Fokker F.27) but these aircraft are a minority
and hydraulic power has become the normal method of operation for these systems.

ENGINE BLEED AIR SYSTEM.

The engine bleed air system consists of the power source (the engine) and control devices for
temperature and pressure regulation during operation. Because of the great variation of air output
available from a gas turbine engine between idle and maximum rpm there is a need to maintain
a reasonable supply of air during low rpm as well as restricting excessive pressure when the
engine is at maximum rpm. It is usual to tap two pressure stages to maintain a reasonable
pressure band at all engine speeds.
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Figure 1.1b. Air Sources and Uses (Pictorial)

Figure 1.1a. shows a typical bleed air system with air being ducted from two stages of the
compressor, a low pressure (LP) stage and a higher pressure (HP) stage. In this case the stages
used are the 5" and 9".  The two sources are combined together at the High Pressure Shut-Off
Valve (HPSOV). This valve is pressure sensitive and pneumatically operated and is open when
there is insufficient air pressure from the LP system to maintain the required flow. As the engine
speeds up the LP air pressure will increase until it closes the high pressure shut-off valve so that,
in all normal stages of flight, bleed air will come from the LP stages. The high pressure shut-off
valves are designed to open relatively slowly on engine start up or when airconditioning is
selected to minimise the possibility of a surge of air pressure. They are also designed to close
very quickly to prevent an ingress of fumes or fire to the cabin in the event of an engine fire.

The bleed air control valve is the separation point between the engine and the pneumatic system
manifold and allows the bleed air to enter the pneumatic system and is controlled electrically
from the flight deck. Non-return valves (NRV) are installed in the LP stage ducts to prevent HP
air entering the LP stages of the engine when the high pressure shut-off valve is open.

Most multi-engined aircraft also keep the supplying engines or sides separate with each engine
supplying its own user services . These are kept independent by isolation valves which are
normally closed but which may be opened if an engine supply is lost to feed the other side’s
services.
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CONDITIONING AND PRESSURISATION

1.3

1.4

AIRCRAFT PNEUMATIC SYSTEMS

The system will be fitted with a duct pressure gauge, valve position indicators and overheat
sensors both inside and outside the supply ducts.

The system will also be fitted with safety devices to prevent damage to the supply ducting due
to over pressure or overheat.

a)

b)

Over pressure.

This is usually caused by failure of the high pressure shut-off valve and a pressure
relief valve is fitted to the engine bleed air ducting. If the over pressure persists, a
sensor bleeds high pressure shut-off valve opening pressure and forces the valve to
close.

Overheat

An electrical temperature switch downstream of the bleed air control valve will close
the valve if the temperature of the air reaches a predetermined level.

Both overheat and over pressure conditions will be indicated to the pilots by warning
lights. If an overheat occurrence took place, the bleed valve switch would be selected
‘OFF’ and the isolation valve opened to restore the lost system.

AIR CONDITIONING SYSTEMS.

The air conditioning or environmental control system is fitted to an aircraft to regulate the
temperature, humidity ,quantity and quality of the air supply to the passengers and crew. This
conditioned air is also used, with additional components, for the pressurisation of the aircraft.

PRESSURISATION.

Modern aircraft are pressurised for the following reasons.

a)

b)

The aircraft can fly at an altitude where it can operate efficiently, economically and
avoid the worst of the weather conditions whilst maintaining cabin pressure at a
comfortable level.

Aircraft can achieve high rates of climb and descent with small corresponding rates of
cabin pressure changes
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1.5

AIR-CONDITIONING SYSTEMS
The requirements of an air-conditioning system as laid down in BCAR’s are described below.

Provision of fresh air.

Fresh air must be provided at a rate of 1 1b per seat per minute in normal circumstances, or at not
less than 0.5 Ib following a failure of any part of the duplicated air-conditioning system (No JAR
Figures quoted except for crew which is “not less than 10 cubic ft per minute per crew member™)

Temperature.
Cabin air temperature should be maintained within the range 65°F to 75°F,
( 18°C to0 24°C)

Relative humidity.
The relative humidity of the cabin air must be maintained at approximately 30% (at 40,000 ft the
relative humidity is only 1 to 2%)

Contamination.
Carbon monoxide contamination of the cabin air must not exceed 1 part in 20,000.

Ventilation.
Adequate ventilation must be provided on the ground and during unpressurised phases of flight.

Duplication.

The air-conditioning system must be duplicated to the extent that no single component failure
will cause the provision of fresh air to fall to rate which is lower than 0.5 1b per seat per minute.
An aircraft air conditioning system must be capable of maintaining an adequate supply of air for
ventilation and pressurisation at a temperature and relative humidity which ensures comfortable
conditions for both passengers and crew. These requirements are met as follows:

Adequate supply.
The mass flow of air into the cabin is maintained at a constant value which must be sufficient
to achieve cabin pressurisation when cruising at maximum operating altitude.

Temperature.
The temperature of the air supply to the cabin is controlled by mixing hot and cold air in variable
proportions to maintain the cabin air temperature within prescribed limits.

Humidity.

Moisture is removed from, or added to, the cabin air supply to maintain a comfortable level of
humidity. The method of conditioning will vary depending upon the type of aircraft, the power
unit and the operating characteristics of the aircraft concerned.
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CONDITIONING AND PRESSURISATION AIRCRAFT PNEUMATIC SYSTEMS

1.6 RAM AIR SYSTEMS.

In these systems, which are used in used in unpressurised piston engined aircraft, ambient
atmospheric air is introduced to the cabin through forward facing air intakes. Some of this ram
air can be heated by exhaust or combustion heaters and then mixed with the cold ambient air in
varying proportions to give a comfortable cabin temperature. It is of extreme importance that
the supply (ram) air does not come into contact with, or is contaminated by, the exhaust gases
or the air used for combustion.

A typical system for a light aircraft is shown in figure 1.2 which also features hot windscreen
demisters and a fresh air blower for use on the ground when there is no ram air. The heater muff
or exhaust muff'is a close fitting cowl around the exhaust pipe which allows ram air to come into
close contact with the hot exhaust pipe to provide hot air for heating the cabin. Fresh cold air can
be allowed into the cabin through the ram air inlets on the wing leading edge. After use the air
is dumped overboard through a vent on the underside of the aircraft.

FRESH AIR S

BLOWER FOR S
USE ON THE ~_ /) L
GROUND N
L (\/
S

~.

WINDSCREEN .
DEMISTER

EXHAUST EXHAUST AIR
MUFF g , - OVERBOARD
COLD AIR
RAM
AR CONTROL

Figure 1.2. Light Aircraft Hot and Cold Air System.
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CONDITIONING AND PRESSURISATION AIRCRAFT PNEUMATIC SYSTEMS

1.7

COMBUSTION HEATER.

The fuel used in the heater is normally that which is used in the aircraft’s engines and the heater
works by burning a fuel/air mixture within the combustion chamber. Air for combustion is
supplied by a fan or blower and the fuel is supplied via a solenoid operated fuel valve. The fuel
valve is controlled by duct temperature sensors but can be manually overridden. The system is
designed so that there is no possibility of leaks from inside the chamber contaminating the cabin
air. In addition the system must be provided with a number of safety devices which must
include:

a) Automatic fuel shut-off in the event of any malfunction.

b) Adequate fire protection in the event of failure of the structural integrity of the
combustion chamber.

c) Automatic shut-off if the outlet air temperature becomes too high.

FUEL PUMP

FUEL
SHUT OFF
VALVE

EXHAUST
>

COMBUSTION IGNITION

BLOWER UNIT HOT AIR

CONTROL

Figure 1.3. A Combustion Heater.
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CONDITIONING AND PRESSURISATION AIRCRAFT PNEUMATIC SYSTEMS

SYSTEMS USED FOR PRESSURISED FLIGHT
1.8 ENGINE DRIVEN CABIN SUPERCHARGER (BLOWER) SYSTEMS.

When a supply of air from the compressor of a gas turbine engine for airconditioning or
pressurisation is not available, cabin air supply may be provided by blowers driven through the
accessory gearbox or by turbo compressors driven by bleed air. Such systems were necessary
for piston engined and turbo-propeller aircraft and are used for some turbo-jet aircraft where the
air supply from the compressor is considered to be too dirty (contaminated). These blowers may
be of the centrifugal or positive displacement (Rootes) type.

The blower must be capable of supplying the required mass flow of air under all operating
conditions which means that at sea level with the engine running at high speed too high a mass
flow will be delivered, therefore in order to prevent over pressurisation of the supply ducts, a
mass flow controller signals spill valves to vent the excess air flow to atmosphere. This method
is wasteful and is avoided where possible by using variable speed drives.

In such a system , the mass flow produced by the engine is dependent on the rotational speed of
the blower and the air density. This air can be heated by restricting the flow by means of a
choke valve which can be progressively closed to increase the temperature and pressure of the
air leaving the blower and opened to prevent excessive temperatures and pressures. The hot and
cold air supplies are mixed in varying proportions to maintain the delivery temperature at a
comfortable level for both passengers and crew.

Selection and control may be automatic or manual.

<omp SILENCER
COMPRESSOR
WATER
(BLOWER) SEPARATOR
TO
ATMOSPHERE

COOLING
PACK

AIR
MIXING
VALVES

o

MASS FLOW e litiin.
CONTROLLER
PACK HOT AIR
CHOKE  vALVE BYPASS
HEAT VALVE TO
VALVE CABIN
Figure 1.4.
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CONDITIONING AND PRESSURISATION AIRCRAFT PNEUMATIC SYSTEMS

1.9

1.10

1.11

ENGINE BLEED AIR SYSTEMS

This the most widely used method of supplying charge air for the airconditioning systems of
modern aircraft. Hot pressurised air is supplied to the bleed air duct from the LP/HP
compressor. A tapping is then taken from the duct to supply the air-conditioning system. This
air is passed through a mass flow controller or a modulated engine bleed air valve and since the
bleed air supply is always at a higher temperature than that required for passenger comfort a
means of cooling this air is accomplished by the air conditioning pack .

AIR CYCLE COOLING

This is the preferred system for most modern jet transport aircraft and uses the principles of
energy conversion and surface heat exchange for it’s operation. At the heart of the system is the
Cold Air Unit (C.A.U.) of which there are three basic types, the turbo-compressor or bootstrap,
the brake- turbine and the turbo-fan.

TURBO-COMPRESSOR (BOOTSTRAP)

This is the most popular air cycle system in current use being used where high pressure bleed
air is not available or its use is undesirable as in the case of aircraft using high by-pass ratio or
small turbo propeller engines. The low pressure bleed air (or air from a blower) is pre-cooled
in the primary heat exchanger and then has its pressure boosted by the compressor. This is done
in order to make the energy conversion (i.e. heat and pressure to work) process across the
turbine more efficient. Between the compressor and the turbine is the secondary heat exchanger
which serves to remove any excess temperature rise across the compressor.

The point to note is the pressure rise across the compressor which allows the use of much lower
initial tapping pressures while still being able to achieve a sufficiently high pressure drop across
the turbine. In order to provide sufficient airflow across the cold air unit when the aircraft is
on the ground or at low speed in the air a fan is provided to draw in air through the ram air or
ground cooling air ducts. The ram air doors may be opened and closed according to flap position
or modulated automatically by signals from the temperature control system. This fan may be
electrically powered or be a third wheel of the cold air unit.
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Figure 1.5. Typical Bleed Air (“Bootstrap”) System.
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Figure 1.6. Typical Performance of a Bootstrap System
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CONDITIONING AND PRESSURISATION AIRCRAFT PNEUMATIC SYSTEMS

1.12

BRAKE TURBINE

In this system the initial tapping pressure is higher and the charge air is supplied directly to the
turbine via a heat exchanger. The turbine drives the compressor, which takes in low pressure
ambient air and expels it through a restriction. This causes a back pressure on the compressor
which puts a “brake” on the turbine (hence the name) and provides energy conversion which
removes the heat from the charge air. Some installations feed the output from the compressor
into the ducting downstream of the heat exchanger to increase the thermal efficiency of the heat
exchanger by “jet pump” action. This system is lighter (only one heat exchanger) and the mass
flow/ weight ratio is better but, unless the “jet pump” installation is used, it cannot be used to
cool the charge air when the aircraft is on the ground.

COMPRESSOR
P - \\
A
1 )
JET B o
| PUMP AMBIENT - zk
1 o) AIR 3 WL
\’ : W
\\\\ -
CHARGE
AIR

CONTROL
VALVE

AAAAA

RAM
AIR

PRECOOLER

Figure 1.7. Schematic Brake Turbine Unit.
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1.13

1.14

1.15

1.16

FAN TURBINE (TURBO-FAN)

This is a refinement of the brake turbine unit, in which, instead of a compressor, the turbine is
coupled to a fan of sufficient capacity to draw the required volume of cooling airflow through
the primary heat exchanger so that the unit is not dependent on ram air for it’s operation and can
therefore be operated on the ground. The general design of the unit is such that it is extremely
light and compact. The delivery pressure (and therefore temperature) is higher and the turbine
speed must be higher to achieve the necessary pressure drop.

HEAT EXCHANGER

These components operate on the principle of surface heat exchange and normally use ram air
as the cooling medium. They are designed to give a thermal efficiency of at least 80% of the
difference between the charge air temperature and the ambient air temperature but can never
reduce the charge air temperature below that of ambient hence the need for the cold air units.
It should be noted that in the vapour cycle system both the evaporator and condenser are also
heat exchangers but use a refrigerant for cooling the charge air and ram air for changing the
vaporised refrigerant back to its liquid state.

GROUND COOLING FAN

The ground cooling fan, as its name implies, allows the air conditioning system to be used when
the aircraft is on the ground by drawing (or pushing) air across the primary and, if necessary, the
secondary heat exchangers. It may be electrically driven or be powered by a third wheel on the
cold air unit.

WATER SEPARATOR

Located downstream of the turbine of the air cycle machine, the water separator removes the
excess water which condenses during the cooling process. This is a problem at low altitude and
when running the system on the ground during conditions of high humidity. A safety valve is
provided to ensure that the flow of air to the cabin is safeguarded in the event of the water
extractor icing up. In some installations a temperature sensor controls an anti-ice by-pass valve
which allows hot air to pass directly into the airflow between the turbine and the water separator
to prevent icing.
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1.17

RELIEF
VALVE

COLLECTOR
COALESCER TUBES WATER
DRAIN

Figure 1.8. Water Separator.

HUMIDIFIER

In aircraft operating at high altitudes (greater than 40,000 feet) for long periods of time it may
be necessary to increase the moisture content of the conditioning air to 1-2% relative humidity
to prevent physical discomfort arising from low relative humidity. This is the function of the
humidifier, a typical example of which is shown below. The aircraft’s drinking water supply is
used and the water is atomised by air from the air conditioning supply.

>
HP AIR SUPPLY

CONTROL
~VALVE

HUMIDISTAT

DIFFUSER

Figure 1.9. “Venturi Humidifier” Humidity Control.
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1.18

1.19

1.20

RAM AIR VALVES

The ram air valves (inlet and outlet doors) are opened and closed by the pack controller and
regulate the amount of air entering the ram air duct. This is done automatically as part of the
temperature control system and during landing and take-off in order to prevent ingestion of
foreign matter .

MASS FLOW CONTROLLER

This component is fitted to ensure that a constant mass flow is supplied regardless of the engine
rpm. The mass flow controller spills excess air to atmosphere when used with blower systems
but the variable orifice valve fitted to bleed air systems is calibrated so that the total aerodynamic
effect on its internal mechanism automatically adjusts the orifice so that the required mass flow
passes to the system irrespective of changes in the value of the pressure upstream and
downstream of the unit.

TEMPERATURE CONTROL

The temperature of the air entering the cabin is usually achieved by mixing hot air with cooled
air. There are two basic methods of temperature control, mechanical and electro-mechanical.
The simple non-automatic manual method consists of valves which are manually postioned to
regulate the temperature by mixing hot and cold air prior to it entering the cabin. Automatic
control of the cabin, flight deck, cargo hold etc. temperature is achieved by comparing a pilot
selected temperature with the temperature of the mixed air inlet to the cabin etc. Sensors in the
cabin and the supply ducts are compared electronically with the selected value and any
difference modulates the hot air by-pass valve to allow more or less air to pass through the
cooling components to obtain the correct temperature at the point of mixing. In manual control
the valves will move in response to hot/cold or increase/decrease selection.
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1.21  AIR DISTRIBUTION

Most passenger transport aircraft supply warm air to the cabin walls by means of floor and wall
passages which maintains the interior surfaces at cabin temperature, reducing draughts, direct
heat losses which in turn allows the entering air temperature to be closer to the cabin
temperature. The ducting is in two distinct sections to provide for separate flows of cold and
heated air. The cold (conditioned) air is supplied to the passengers through the gasper air
system.Conditioned air is also supplied to the flight deck to the crew stations where it can be

adjusted for flow direction and quantity.It is also supplied to the flight deck windows for de-
misting purposes.

DISTRIBUTION DUCTING

UPPER AIR
OUTLETS

LOWER AIR
OUTLETS

MAIN SUPPLY
DUCT

OUTLET TO UNDERFLOOR

Figure 1.11. Cabin Air Distribution

1.22 GASPER AIR

Gasper air is tapped from one of the zone supply ducts upstream of where trim air is added and
the gasper fan provides a positive supply of conditioned air to all zones through individually
controlled outlets (punkah louvres).
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1.23

1.24

1.25

TRIM AIR

In order to avoid large temperature gradients between the extremities of the cabin it is often
necessary to divide the cabin into sections and deal with each as a separate distribution problem
(zone trim).

The temperature delivered by the packs is determined by the zone requiring the coolest air input.
Individual zone requirements are satisfied by adding hot trim air to the output of the packs.
The pressure and quantity of trim air is dependent on inputs from cockpit and cabin temperature
control systems. The pressure of the trim air is controlled by pressure regulating valves.

RE-CIRCULATION FANS

These augment the air conditioning packs allowing the packs to be operated at a reduced rate
during the cruise which decreases engine bleed requirements and maintains a constant
ventilation rate throughout the cabin. The fans draw cabin air from the underfloor area through
filters then reintroduce the air into the conditioned distribution system. Air from the region of
toilets and galleys is not re-circulated but is vented directly overboard by the pressurisation
discharge valves.

VAPOUR CYCLE (REFRIGERATION) SYSTEM

The vapour cycle air conditioning system is similar in operation to the domestic refrigerator or
the galley cart cooling system used on some large aircraft. Its use for aircraft is now generally
limited to small piston engined types.

A refrigerant is used to absorb heat from the charge air by changing its state from liquid to gas.
The heat is carried by the refrigerant to a condenser where it is given up to the atmosphere and
the refrigerant returns to its liquid state.

In the vapour cycle system the refrigerant alternates between the vapour and liquid phases. It is
compressed, cooled, expanded and heated in that order. The refrigerant is a liquid which boils
atapprox 3.5°C (38°F) at sea level atmospheric pressure. At higher pressures the boiling point
is increased and vice versa. Refrigerant at low pressure is drawn through the evaporator by the
compressor (which may be electrically or air driven). As it passes through the evaporator the
refrigerant changes state from liquid to gas absorbing heat from the cabin air supply and
therefore cooling the air as it does so.

The compressor raises the pressure and therefore the boiling point of the refrigerant before it
enters the condenser. The condenser is positioned so that cold ram air passes over it and the
refrigerant changes back to its liquid state giving up latent heat to the ram air. The pressurised
liquid then passes to the receiver which acts as a reservoir and then through an expansion valve
which reduces its pressure and boiling point before entering the evaporator to repeat the cycle.
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Figure 1.12. Vapour Cycle (Refrigeration System)
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CONDITIONING AND PRESSURISATION PRESSURISATION SYSTEMS

2.1

2.2

PRESSURISATION.

Modem aircraft operate more efficiently at high altitudes and have high rates of climb and
descent.

In order to take advantage of these properties the interior of an aircraft flying at high altitude is
pressurised to allow passengers and crew to function normally without the need for additional
oxygen.

Insufficient oxygen or hypoxia will result in a reduction in the ability to concentrate, loss of
consciousness and, ultimately, death. (The effects etc are fully described in the Human
Performance notes).

Up to an altitude of 10000ft (3.3km), the air pressure and consequently the amount of oxygen is
sufficient for humans to operate without too many problems. However, lack of oxygen can
become apparent at altitudes above this and cabin pressurisation systems are designed to produce
conditions equivalent to those of approximately 8000ft. (2.6km) or less. This means that there
is no need for oxygen equipment except for emergency use by crew or passengers and the effect
of low atmospheric pressure on passengers is negligible.

Once the cabin altitude (the pressure altitude corresponding to the pressure inside the cabin)
reaches 10000ft., the crew must be on oxygen, and at 14000ft. cabin the passengers must be on
emergency oxygen.

It also means that aircraft are able (when required) to achieve high rates of climb and descent
while making correspondingly small rates of change of cabin pressure.

THE AIRCRAFT STRUCTURE.

The airframe structure must , therefore, be strong enough to withstand the differential pressures
generated without being too heavy and therefore uneconomic in operation.

The difference in pressure between the inside and outside of the pressurised areas of the aircraft
or differential pressure produces hoop stresses which are applied cyclically every time the
aircraft is pressurised and de-pressurised causing fatigue which can, ultimately, lead to structural
failure.

Keeping the maximum differential pressure to its lowest practical value reduces the hoop stress
Pressurising the cabin to the 8000ft level reduces the stresses and therefore the fatigue on the
airframe as well as reducing the required structural strength and keeping the weight of the
aircraft down which increases the economy of operation and reduces the initial costs of the
aircraft.
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2.3

Typical maximum differential pressures for large jet transport aircraft are between 8 and 9 psi.
(552-621 hPa). The passenger cabin, flight deck and cargo compartments are normally
pressurised with the undercarriage bays, tail and nose cones unpressurised.

(/]

Pressurised areas I unpressi
Cockpit & Fwd/Aft cabins Radome
~ Nose u/c bay :
Fwd/Aft cargo holds i Centre section torque box i
~ Main u/c bay
Tail cone

Figure 2.1. Pressurised & Un Pressurised Areas

SYSTEM CONTROL.

Cabin pressurisation is controlled by having a constant mass flow of air entering the cabin and
then varying the rate at which it is discharged to atmosphere. The constant mass flow of air is
supplied by the air-conditioning system via the mass flow controller and is discharged to
atmosphere by the discharge or outflow valves.

The operation of these valves is governed by the pressure controller when in automatic control
and by the flight crew when in manual.

Closing the valve reduces the outflow and increases the pressure, opening the valve increases the
outflow and reduces the pressure. During the cruise the outflow valves form a thrust recovery

nozzle to regain lost thrust energy from the cabin exhaust air.

In addition to the outflow valves the following safety devices must be fitted to any cabin
pressurisation system.
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a)

b)

Safety valve. A simple mechanical outwards pressure relief valve fitted to relieve
positive pressure in the cabin when the maximum pressure differential allowed for the
aircraft type is exceeded i.e prevents the structural max. diff. being exceeded. This valve
will open if the pressure rises to max. Diff. Plus 0.25psi.

PRESSURE RELIEF VALVEi

Figure 2.2. Air conditioning & pressurisation valves

Inwards relief (inwards vent) valve. A simple mechanical inwards relief valve is fitted
to prevent excessive negative differential pressure which will open if the pressure outside
the aircraft exceeds that inside the aircraft by 0.5 to 1.0 psi.

The inwards and outwards safety valves may be combined together in one unit or may
be completely separate components and are positioned above the aircraft flotation line.
The outwards and inwards relief valves must be duplicated.

Dump Valve. A manually operated component, the Dump Valve, will enable the crew
to reduce the cabin pressure to zero for emergency depressurisation. This valve may also
be used as the air outlet during manual operation of the pressurisation system an aircraft
fitted with pneumatic discharge valves.
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24

Blow out panels are fitted between passenger and cargo compartments in order to prevent
excessive differences in pressure occurring between these areas in the event of , for example, a
cargo door opening in flight.

PRESSURISATION CONTROLLERS.

Pressure controllers vary in construction and operation and may be pneumatic, electro-pneumatic
or, as is the case with most modern aircraft, electronic. Pneumatic controllers comprise pressure
sensing elements which are subject to both cabin and ambient pressures as well as metering
valves and controls for selecting the required cabin altitude and rate of pressure change.

As the cabin pressure changes , the controller automatically transmits a signal to the outflow
(discharge) valves.

The outflow valves are positioned to regulate the release of air from the cabin at the pre-selected
rate to achieve the required differential pressure and eventual stabilisation at the required
maximum differential pressure and are biased fully open when the aircraft is on the ground. In
addition some pressure controllers are fitted with a ditching control which will close all the
discharge valves to reduce the flow of water into the cabin in the event of a forced landing on
water.

CABIN PRESS . . 1
LoG ¢

MANWSCTL  MODE SEL
up —

L

i e
o L o
‘* . - B

PRESSURE
CONTROLLER

(1)@  MAN

1 } INWARDS RELIEF VALVE | \ OUTFLOW VALVE ‘ ‘PRESSURE RELIEF VALVE%

Figure 2.3. Electronic Pressurisation Control
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2.5

SYSTEM OPERATION.

Figure 2.3. shows the schematic arrangement of the pressurisation control system of a modern
passenger transport aircraft. The automatic controllers are duplicated and have inputs from the
aircraft static pressure sensing system, the cabin pressure and air/ground logic system.

If pre-pressurisation is part of the schedule then inputs will be required from the thrust lever
positions and the door warning system.

The cabin altitude control panel is remote from the controller and will generally be fitted to
overhead panels on the flight deck.

There are two modes of operation, auto (1 & 2) and manual with the outflow valves being
electrically operated by either of the two AC motors under the control of the automatic
controllers or by the DC motor for emergency or manual operation.

Only one controller is in use at any one time, the other being on standby. The standby controller
will automatically take over in the event of failure of the other controller.

Selection of manual will lock out all normal automatic functions and enable the outflow valve(s)
to be positioned by the manual control switch via the DC motor. The pilot will set the controller
to produce the required flight profile. (See Figure 2.4.)

Taxi. When the aircraft begins to taxi the pressurisation GROUND/FLIGHT switch is selected
to FLIGHT and the aircraft is pre-pressurised to a differential pressure (A) of 0.1 psi.

This ensures that the transition to pressurised flight will be gradual and that there will be no
surges of pressure on rotation and ingress of fumes from engines etc.

Take off and climb. As the aircraft takes off, the ‘ground / air’ logic system will signal the
controller to switch to proportional control. The controller will sense ambient and cabin
pressure and position the outflow valves to control the rate of change of cabin altitude in
proportion to the rate of climb of the aircraft (between 300 and 500 feet per minute).

Cruise. When cruise altitude is reached the controller will switch to isebaric control to maintain
a constant differential pressure.

Once established in the cruise small changes in altitude (+/-500 - 1000 feet) will be
accommodated without any change in cabin pressure, however if the cruise altitude has to be

increased significantly, then the flight altitude selection will have to be reset.

If the maximum differential pressure has been reached the controller will not allow any further
increase in differential pressure and the aircraft will now be in Max. Diff. Control.
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Descent and landing. At commencement of the descent the controller will switch back to
proportional control and will give a cabin rate of descent of 300 feet/minute to produce a diff.
pressure of 0.1 psi on touchdown (airfield altitude -200 feet).

With the ‘ground/air’ logic system now in ground mode, changing the cabin pressure controller
GROUND/FLIGHT switch to GROUND will drive the outflow valves to fully open to equalise
cabin and ambient pressures.

Note:- On older aircraft the controller will reduce the differential pressure to zero on touchdown.
To summarise:- if the differential pressure is increasing the discharge valves are closing, if the

differential pressure is decreasing then the discharge valves are opening and if the differential
pressure is constant then, since the mass flow in is constant, the discharge valve will not move.

DOORS TAKEOFF = CRUISE DESCENf %DOORS
OPEN & CLIMB - OPEN
LAND
TAXI TAXI

LANDING FIELD
4000 FTALT

0 fnoi?; 500" min 0 300" min f;“’i‘r’; 0 |cABINVERT sPEED
0.1 Increases Up to a max Decreases | 0.1
0 psi according to of 8.06 psi (A320) [according to | psi 0  [CABINDIFF. PRESS
| . Up to a max . 4,000 | 4,000
0 -120 altitude 8,000 ft altitude ft A CABIN ALTITUDE

Figure 2.4. Pressurisation Profile

With the system in manual control, the outflow valve position can be varied by means of the
main outflow valve control and with reference to the cabin altitude gauge and the valve position
indicator. The maximum permissible rate of change of cabin pressure is 0.16psi/min
(approximately a rate of climb or descent of 1500 ft/min).

Cabin rates of climb and descent should be carefully monitored and should not normally exceed

500ft/min during the climb or 300ft/ min in the descent in order not to cause too much discomfort
for the passengers, particularly those with colds etc .
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2.6
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Figure 2.5. Example of system instrumentation (A320)

SYSTEM INSTRUMENTATION.
The minimum indications required for a pressurisation system are:-

a) Cabin Altimeter. This gauge reads cabin pressure but is calibrated to read this in terms
of the equivalent altitude of the cabin.

b) Cabin Vertical Speed Indicator. This indicates the rate at which the aircraft cabin is
climbing or descending.
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2.7

¢)

PRESSURISATION SYSTEMS

Cabin Differential Pressure Gauge. This indicates the difference in the absolute
pressure between the inside and outside of the aircraft cabin and is generally calibrated
in psi . In the event of a malfunction of the pressure controller or outflow valve , this
instrument would indicate that the Safety Valves were controlling the cabin pressure at
the Structural (emergency) maximum pressure differential.

In addition to the above there must both AURAL and VISUAL warnings when the cabin altitude
exceeds 10000 feet. These will take the form of a horn and red light on the Centralised Warning
Panel or warning caption on the appropriate EICAS or ECAM display.

GROUND TESTING AND CHECKING

Pressurisation systems must be checked at periodic intervals in order to ensure that there are no
serious leaks and that the pressure control components and safety devices are operating correctly.
The occasions on which these tests are carried out are:-

a)
b)
°)

d)

Initial proof pressure test.
When specified in the maintenance manual.
After actual or suspected system malfunction.

After repairs and modifications to the aircraft pressure hull.

The exact procedure to be followed when carrying out functioning and leak rate tests is specific
to type and will be laid down in the aircraft maintenance manual but may be required to establish
any or all of the following :-

a)
b)
c)

d)

General functioning and temperature control.
Operation of pressurisation controller(s) and normal maximum differential control.
Safety valve check (maximum structural differential pressure)

Leak rate check.
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PRESSURISATION SYSTEMS

Table 1 ICAO Standard Atmosphere (Surface Density 1.225 kg per m®)

Altitude Temperature Pressure Pressure Density Relative
) (°C) (hPa) (psi) (kg per n’) Density (%)

0 +15.0 1013.25 14.7 1.225 100.0

5,000 +5.1 843.1 12.22 1.056 86.2
10,000 -4.8 696.8 10.11 0.905 73.8
15,000 -14.7 571.8 8.29 0.771 62.9
20,000 -24.6 465.6 6.75 0.653 533
25,000 -34.5 376.0 5.45 0.549 44.8
30,000 -44.4 300.9 436 0.458 37.4
35,000 -54.3 238.4 3.46 0.386 31.0
40,000 -56.5 187.6 2.72 0.302 24.6
45,000 -56.5 147.5 2.15 0.237 19.4
50,000 -56.5 116.0 1.68 0.186 15.2
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AIR CONDITIONING AND PRESSURISATION

1.

SELF ASSESSMENT QUESTIONS

Main and nose wheel bays are:

a)
b)
¢)
d)

pressurised

unpressurised

conditioned

different, with the mains being unpressurised and the nose pressurised

Normal maximum negative differential pressure is:

a)

b)

¢)
d)

when atmospheric pressure exceeds cabin pressure by the amount permitted by the
system controls

where the cabin pressure falls below aircraft altitude pressure at which time the inward
relief valve opens.

when the cabin pressure exceeds the atmospheric pressure by 0.5 PSI

the pressure at which the duct relief valve is set to operate.

When would the negative differential limit be reached/exceeded:

a)
b)
©)
d)

rapid descent when AC descends below cabin altitude
during ground pressure testing

rapid ascent when aircraft climbs

when changing to manual operation

A/C in level flight if cabin altitude increases does pressure diff:

a)
b)
c)
d)

increase
decrease

remain the same
nil

In level pressurised flight does the outflow valve:

a)
b)
c)
d)

close

adjust to provide constant flow, and is normally partially open
open to increase air conditioning

adjust to provide constant flow, and is normally almost closed

In a turbo cooler system is the cooling air:

a)
b)
c)
d)

ram air

engine by pass air
cabin air
compressor air
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10.

11.

12.

The rate of change of cabin pressure should be kept to the minimum. Is this more important:

a) in descent

b) in climb

c) in periods when the dehumidifier is in use
d) in cruise

Is a cabin humidifier:

a) on the ground in conditions of low relative humidity
b) at high altitude

c) at low altitude

d) on the ground in high ambient temperatures

Fatigue life of the fuselage is based on the:

a) number of pressurisation cycles

b) number of explosive decompressions

c) number of landings only.

d) number of cycles at maximum differential

If the forward oil seal in an axial flow compressor fails, will air be:

a) contaminated

b) unaffected

c) ‘b’ is only correct if synthetic oil is used

d) ‘a’ will be correct only if the aircraft is inverted

Rate of change of cabin altitude is shown on a:

a) special gauge

b) aircrafts VSI

c) cabin pressure controller

d) gauge reading a percentage of Max Diff Pressure

Cabin discharge valve (pneumatic) is supplied with:

a) air data computer output information

b) cabin and static pressure

c) cabin pressure, static and air speed information
d) cabin pressure only
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13. On what principle does the vapour cycle cooling system work on:
a) liquid into vapour
b) vapour into liquid
c) vapour into gas

d) cold gas into hot gas

14. What is the purpose of the duct relief valve:

a) to protect the undercarriage bay

b) to ensure the compressor pressure is regulated

c) to prevent damage to the ducts

d) to relieve excess pressure to compressor return line
15. What system is installed to control the air conditioning:

a) emulsifier and water extractor

b) impingement type dehydrator and humidifier
c) dehydrator only
d) humidifier only

16. How is the (charge) air cooled in a bootstrap (turbo-compressor) system?
a) by expanding over turbine
b) by expanding over turbine driving compressor
c) via an air cooled radiator

d) by passing it through the fuel heater

17. At the max differential phase, is the discharge valve:

a) open
b) closed
c) under the control of the rate capsule

d) partly open

18. What is the purpose of inward relief valves:
a) to prevent negative differential
b) to back up the duct relief valve
) to allow positive pressure to be bled off in an emergency
d) to back up the outflow valve
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AIR CONDITIONING AND PRESSURISATION

19.

20.

21.

22

23.

24.

SELF ASSESSMENT QUESTIONS

On a ground pressurisation test, if the cabin suffers a rapid de-pressurisation:

a)
b)
c)
d)

the temperature will rise suddenly
water precipitation will occur
damage to hull may occur

duct relief valve may jam open

A heat exchanger functions by:

a)
b)
c)
d)

combining ram and charge air

mixing the various vapours inside the heat exchanger
passing charge air through ducts and cool air around ducts
removing the static charge

Maximum Differential pressure:

a)

b)

©)
d)

is the maximum authorised pressure difference between the inside of the fuselage and
the atmospheric ambient pressure

is the absolute pressure provided by the vacuum pump

is the pressure loss over a given time limit

is the absolute pressure the cabin pressure ducting is designed to carry

A humidifier is fitted to:

a)
b)
c)
d)

extract the moisture content in the air

filter the air

increase the moisture content in the air when operating at high altitude
to ensure the cabin air is saturated at high altitude

If the discharge or outflow valve closes:

a)
b)
c)
d)

the duct relief valve will take control

the inward relief valve would assume control

the safety valve would limit the positive pressure difference

the safety relief valve would limit the negative pressure difference

Air for conditioning and pressurisation is taken from:

a)
b)
c)
d)

the engine compressor or cabin compressor

the engine by pass duct or thrust reverse by pass duct
the engine compressor or ram turbine

the engine turbine or cabin compressor
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25.

26.

27.

28.

29.

30.

SELF ASSESSMENT QUESTIONS

Safety valves are biased:

a)
b)
c)
d)

inwards

outwards

in the direction sensed by the SVC
neither a nor b

Cabin compressors:

a)
b)

©)

d)

increase their flow in cruise conditions

decrease their flow in cruise conditions

increase their flow in proportion to increases of altitude differential pressure and
reduction in engine RPM in order to maintain the mass flow.

deliver minimum air at sea level via the cold air unit.

In a pressurisation circuit the sequence of operation is for the:

a)
b)
c)
d)

inward relief valve to open before the safety valve
outflow valve to operate before the safety valve

outflow valve to operate after the safety valve

outflow valve to operate the same time as the safety valve.

With the QFE set on the cabin controller, against an altitude of zero:

a)
b)
©)
d)

the fuselage will be pressurised on landing

a ground pressurisation will automatically take place
the cabin will be unpressurised on landing

the flight deck will be depressurised

In the cruise at 30,0001t the cabin altitude is adjusted from 4,000ft to 6,000ft:

a)
b)
<)
d)

cabin differential will increase

cabin differential will not be affected
cabin differential will decrease

nil

An aircraft climbs from sea level to 16,000 ft at 1,000ft per min, the cabin pressurisation is set
to climb at 500ft per min to a cabin altitude of 8,000ft. The time taken for the cabin to reach

8,000ft is:

a) the same time as it takes the aircraft to reach 16,0001t

b) half the time it takes the aircraft to reach 16,0001t

c) twice the time it takes the aircraft to reach 16,0001t

d) three times the time it takes the aircraft to reach 16,0001t
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31.

32.

33.

34.

35.

36.

The aircraft inhibiting switch connected to the A/C landing gear:

a) allows the aircraft to be pressurised on the ground

b) stops pressurising on the ground and ensures that there is no pressure differential
c) ensures that the discharge valve is closed

d) cancels out the safety valve on the ground

Negative differential is limited by:

a) dump valve

b) inward relief valve
c) outflow valve

d) safety valve

Sequence of air through a vapour cooling system is:

a) turbine then expansion valve
b) tank then evaporator

c) turbine then evaporator

d) compressor then turbine

To maintain a steady and constant airflow regardless of altitude or cabin pressure:

a) a duct relief valve is fitted

b) a venturi device is fitted

c) a mass flow controller is fitted

d) a thermostatic relief valve is fitted

The term “pressurisation cycle” means:

a) air introduced into a fuselage under pressure only

b) air introduced into a fuselage under pressure until the time the air is released

c) air discharged from the fuselage, above 15 psi

d) the frequency in Hzs the pressure cycles from the rootes blowers enter the fuselage

Inward Relief Valves operate:

a) in conjunction with the cabin pressure controller when there is a negative diff.
b) in conjunction with the cabin altitude selector when there is negative diff

c) when manually selected during the emergency descent procedure

d) automatically when there is a negative diff.
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37.

38.

39.

40.

41.

42.

Safety valves operate:

a) at higher diff than discharge valve

b) as soon as initiation takes place
c) at a lower diff than a discharge valve
d) at a set value, which is selected

Ditching Cocks are operated:

a) automatically when the soluble plugs disolve
b) to shut all outflow valves

c) to direct pressure into flotation bags

d) for rapid depressurisation

Duct Relief Valves operate when:

a) excessive pressure builds up in the air conditioning system supply ducts
b) to keep cabin pressure close to ambient pressure

c) to prevent the floor from collapsing should baggage door open.

d) the cooling modulator shutters reach the optimised position.

During a normal pressurised cruise, the discharge valve position is:

a) at a position pre-set before take off

b) partially open

c) open until selected altitude is reached
d) closed until selected altitude is reached.

A dump valve:

a) automatically opens when fuel is dumped

b) is controlled manually

) is opened automatically when the safety valve opens
d) is controlled by the safety valve integrating line.

When air is pressurised the % of oxygen:

a) increases

b) decreases

c) remains the same
d) nil
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43. If pressure is manually controlled:
a) an extra member is required to monitor system operation
b) the climb rate would be maintained automatically
c) climb rate could not be maintained
d) care should be taken to ensure climb/descent rates are safe
44, An aircraft is prevented from pressurising on the ground by:
a) the auto deflating valve on the main oleos
b) inhibiting micro switches on the landing gear
c) inhibiting micro switches on the throttles
d) the pressure control master switch
45. If the pressurisation air is passed over the cold air unit compressor does it:
a) increase the charge air temperature
b) decrease the charge air temperature
c) decrease the charge air pressure
d) make no change to the charge air condition
46. If the cabin pressure increases in level flight does the cabin VSI show:
a) rate of climb
b) no change unless the aircraft climbs
c) rate of descent
d) nil

47. Cabin altitude in pressured flight is:

a) the altitude corresponding to cabin pressure regardless of aircraft height

b) is presented on a second needle on the aircraft altimeter

c) altitude at which cabin pressure equals ambient pressure

d) altitude corresponding to cabin pressure in relation to MSL ISA conditions
48. The term pressure cabin is used to describe:

a) pressurisation of the flight deck only

b) the ability to pressurise the aircraft to a higher than ambient pressure

c) the passenger cabin on an airliner

d) the ability to maintain a constant pressure differential at all altitudes
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AIR CONDITIONING AND PRESSURISATION

49.

50.

A pressurisation system works by:

a)
b)
c)
d)

SELF ASSESSMENT QUESTIONS

essentially constant input mass flow and variable output

essentially constant output mas flow and variable input

does not start until an altitude of 8,000ft has been reached

supplying hot gases from the engine exhaust unit to the mass flow control system

When air is pressurised by an engine driven compressor, it is also:

a)
b)
c)
d)

moisturised

heated

cooled

the temperature is not affected
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PRESSURISATION AND AIR CONDITIONING ANSWER SHEET

No A B C D No A B C D
01 26
02 27
03 28
04 29
05 30
06 31
07 32
08 33
09 34
10 35
11 36
12 37
13 38
14 39
15 40
16 41
17 42
18 43
19 44
20 45
21 46
22 47
23 48
24 49
25 50
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PRESSURISATION AND AIR CONDITIONING. MASTER ANSWER SHEET

No A B C D A B C D
01 X

02 X X

03 X X

04 X X

05 X X

06 X X

07 X X

08 X X

09 X X

10 X X

11 X X
12 X X

13 X X

14 X X

15 X X

16 X X

17 X X

18 X X
19 X X

20 X X

21 X X

22 X X

23 X X

24 X X

25 X X
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AIRCRAFT SYSTEMS ICE AND RAIN PROTECTION

1.1

INTRODUCTION AND THEORY

Without exception, the formation of ice or frost on the surfaces of an aircraft will cause a
detrimental effect on aerodynamic performance. The ice or frost formation on the aircraft
surfaces will alter the aerodynamic contours and affect the nature of the boundary layer. Of
course, the most important surface of the aircraft is the wing and the formation of ice or frost can
create significant changes in the aerodynamic characteristics.

Types of Ice: a) Hoar Frost
b) Rime Ice
c) Clear or Glaze Ice

A large formation of ice on the leading edge of the wing can produce large changes in the local
contours and severe local pressure gradients. The extreme surface roughness common to some
forms of ice will cause high surface friction and a considerable reduction of boundary layer
energy. As a result of these effects, the ice formation can produce a considerable increase in
drag and a large reduction in maximum lift coefficient. Thus, the ice formation will cause an
increase in power required and stall speed. In addition, the added weight of the ice formation
on the aircraft will provide an undesirable effect. Because of the detrimental effects of ice
formation, recommended anti-icing procedures must be followed to preserve the aircraft
performance.

The effect of frost is perhaps more subtle than the effect of ice formation on the aerodynamic
characteristics of the wing. The accumulation of a hard coat of frost on the wing upper surface
will provide a surface texture of considerable roughness. While the basic shape and
aerodynamic contour is unchanged, the increase in surface roughness increases skin-friction and
reduces the kinetic energy of the boundary layer. As a result, there will be an increase in drag
but, of course, the magnitude of drag increase will not compare with the considerable increase
due to a severe ice formation. The reduction of boundary layer kinetic energy will cause
incipient stalling of the wing, i.e. separation will occur at angles of attack and lift coefficients
lower than for the clean, smooth wing. While the reduction in C, ., due to frost formation
ordinarily is not as great as that due to ice formation, it is usually unexpected because it may be
thought that large changes in the aerodynamic shape (such as due to ice) are necessary to reduce
CL max- However, the kinetic energy of the boundary layer is an important factor influencing
separation of the airflow and this energy is reduced by an increase in surface roughness.

The effect of ice or frost on take-off and landing performance is of great importance. The effects
are so detrimental to the landing and take-off that no effort should be spared to keep the aircraft
as free as possible from any accumulation of ice or frost. If any ice remains on the aircraft as
the landing phase approaches it must be appreciated that the ice formation will have reduced C
Lmax and incurred an increase in stall speed. Thus, the landing speed will be greater. When this
effect is coupled with the possibility of poor braking action during the landing roll, a critical
situation can exist. It is obvious that great effort must be made to prevent the accumulation of
ice during flight.
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In no circumstances should a formation of ice or frost be allowed to remain on the aircraft wing
surfaces prior to take-off. The undesirable effects of ice are obvious but, as previously
mentioned, the effects of frost are more subtle. If a heavy coat of hard frost exists on the wing
upper surface, a typical reduction in C, ,,, would cause a 5 to 10 percent increase in the aircraft
stall speed.

Because of this magnitude of effect, the effect of frost on take-off performance may not be
realised until too late. The take-off speed of an aircraft is generally some 5 to 25 percent greater
than the stall speed, hence the take-off lift coefficient will be a value from 90 to 65 percent of
C| ma- Thus, it is possible that the aircraft with frost cannot become airborne at the specified
take-off speed because of premature stalling. Even if the aircraft with frost were to become
airborne at the specified take-off speed, it could have insufficient margin of airspeed above the
stall. Turbulence, gusts and or turning flight could produce incipient or complete stalling of the
aircraft.

windscreens

propellers
vibration
-blades unequal
weights

structural

engine
intakes

Courtesy of Airbu Industrie

Figure 1.1. Areas most Susceptible to Ice Formation.

The increase in drag during take-off roll due to frost or ice is not considerable and there will not
be any significant effect on the initial acceleration during take-off. Thus, the effect of frost or
ice will be most apparent during the later portions of take-off if the aircraft is unable to become
airborne or if insufficient margin above the stall speed prevents successful initial climb. In no
circumstances should a formation of ice or frost be allowed to remain on the aircraft wing
surfaces prior to take-off.
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Icing on aircraft in flight is caused primarily by the presence of super-cooled water droplets in
the atmosphere. If'the droplets impinge on the forward facing surfaces of an aircraft, they freeze
and cause a build up of ice which may seriously alter the aerodynamic qualities. This applies
particularly to small objects, which have a higher catch rate efficiency than large ones, as small
amounts of ice will produce relatively bigger changes in shape. The actual amount and shape
of the ice build up depends on the surface temperature. This results from an energy change
caused by heat variations to the skin of the aircraft, e.g:

a)

b)

c)

d)

40,000 ft - 40°C

23,000 ft -15°C

kinetic air heating (Plus).
kinetic heating by water droplets (Plus).

latent heat of fusion, (caused by the water droplets changing from liquid to solid upon
impact) (Plus).

evaporation (Minus).

convection (Minus).

m over 40,000 ft water Cirrus |
droplets are Cirrostratus
ice crystals & will Cirrocumulus

not adhere to the
aircraft surface

moderate icing

Alto stratus
Alto cumulus

"N , ‘  Cumulus

«j!; / ¢ C i 1
. S {8 Cumulonimbus

° e - ) .
6,500 ft - 0°C ' moderate - severe icin Nimbostratus }

Figure 1.2. Where Airframe Icing Occurs.
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Three different situations arise, depending on whether the surface temperature is less than, equal
to or greater than 0°C. When the temperature is less than 0°C, all the impinging water droplets
are frozen, and when it is above 0°C none are frozen.

However, for a particular set of atmospheric conditions and altitudes it is found that there is quite
awide aircraft speed range over which the energy balance gives a skin temperature of 0°C. This
energy balance occurs at one end of the speed range by all the droplets freezing, and at the other
by none freezing. The potential "catch rate" or "impingement rate" and the actual icing rate are
thus not simply related in this region. The "no icing hazard" speed depends, therefore, upon the
free water content of the atmosphere as well as the temperature and altitude.

For severe conditions it is about the maximum speed of subsonic aircraft. The final influencing
factor of note is that icing does not occur above about 12,000 m (40,000 ft) since the droplets
are all frozen and in the form of ice crystals and will not adhere to the aircraft's surface.

REQUIREMENTS AND STANDARDS OF PROTECTION

The aircraft must be cleared of ice, frost and snow prior to despatch, and JAR-OPS requires that
public transport aircraft shall be provided with certain protective equipment for flights in which
the weather reports available at the time of departure indicate the probability that conditions
predisposing to ice formation will be encountered. Certain basic standards have to be met by all
aircraft whether or not they are required to be protected by the requirements of JAR-OPS, and
these are intended to provide a reasonable protection if the aircraft is flown unintentionally for
short periods in icing conditions. The requirements specified in JAR cover such considerations
as the stability and control balance characteristics, jamming of controls and the ability of the
engine to continue to function in icing conditions.

Two different approaches are generally used:

a) "De-icing" where ice is allowed to accumulate prior to being removed.
b) "Anti-icing" where the object is to prevent any ice accumulation.

There are a number of avenues which need exploring and these include detection and warning
systems and the methods used to protect the aircraft, which can be any or all of the following:

a) Pneumatic i) Expanding rubber boots - mechanical.
b) Thermal i) Electrically heated.

ii) Oil heated.

i) Air heated.

) Liquid i) Freezing point depressant fluids. (FPD)

d) Ice detection 1) Is provided automatically by the provision of ice detectors
which relay a warning to the flight crew.

e) Anti-Icing is the application of continuous heat or fluid.

) De-Icing is the intermittent application of fluid, heat or mechanical effort.
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ICE AND RAIN PROTECTION

These aspects will all be dealt with in detail later.

DETECTION DEVICES AND WARNINGS

There are three main types of ice detector
in current use:

a) the ice detector head.
b) the mechanical ice detector.
c) the element ice sensing unit.

Ice Detector Heads

Teddington Ice Detector. This detector
consists of an aerofoil shaped mast
protruding into the airflow and visible
from the cockpit.

The mast incorporates a heater element
and a light to illuminate the mast at night
(Figure 1.3). When icing conditions are
encountered in flight, with the heater
power supply switched off, ice
accumulates on the mast and gives a direct
visual indication of ice accretion. The
heater may be switched on to dissipate
accumulated ice.

Smiths Ice Detector. The Smiths ice
detector consists of a hollow tube,
attached to the aircraft by one end and has
holes drilled in the leading and trailing
faces; there are four holes in the leading
edge and two in the trailing edge (Figure
1.4)).

heating
‘element

4 holes in
leading edge

2 holes in
trailing edge

relay |
conneched!
to cockpit |

Figure 1.4. Smiths’ Ice Detector.

In flight under normal conditions, there is a pressure build up in the probe which is sensed by
a relay unit at the open base of the tube. In icing conditions, the leading edge holes become
blocked by ice and a negative pressure is created in the hollow tube, causing the relay unit to
give a warning. A heater element is fitted around the tube to dissipate accumulated ice.
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14 MECHANICAL ICE DETECTORS

English Electric (Napier) Ice
Detector. Inthe Napier ice detector
a serrated rotor shaft is continuously
driven by an electric motor. The
shaft rotates adjacent to a fixed
knife-edge cutter (see Figure 1.5.),
with a clearance between them of
less than 0.002 inches. The unit is
mounted on the aircraft fuselage
with the rotor axis at right angles to
the airflow and with the cutter in the
lee of the shaft. Under normal
conditions, little torque is required
to drive the rotor. In icing
conditions, ice builds up on the rotor
and is shaved off by the cutter. This
requires greater rotational torque | microswitch sets

and causes the motor to rotate Loff cockpitwarning

slightly in its flexible mountings. Figure 1.5. English Electric (Napier) Ice
Detector.

This movement operates a
micro-switch which gives an ice
warning, or automatically initiates the
anti-icing sequence. The warning
remains as long as ice continues to vibrating rod
foul the cutter blade. Ee e

Rosemount Ice Detector. This

. o [Eraauene
detector consists of a short cylindrical 3 :;:e'\g‘i:ievr;cy
probe mounted on a vibrator housing circuit

which vibrates the probe axially at
about 35 kHz (see Figure 1.6.). If ice
builds up on the probe, the added
mass reduces the resonant
frequencies. When the frequency falls
to a predetermined level, an ice
warning is given. The warning signal
also operates a built in heater element
in the probe to shed accumulated ice.
After six seconds, the heater switches
off and the icing cycle recommences.
The frequency of the cycle may be
measured to give an indication of the
ice accretion rate.

Figure 1.6. Rosemount Ice Detector

6.1-6 ©O0xford Aviation Services Limited



AIRCRAFT SYSTEMS

1.5

ELEMENT ICE SENSING UNIT

Sangamo Weston Ice Detector. Ice can
only be formed when there is a
combination of moisture and freezing
temperatures. Inthe Sangamo Weston ice
detector, these two conditions are
detected separately and, therefore, icing
conditions are detected rather than actual
ice formation. The system comprises
three main components (see Figure 1.7.).

a) Moisture Sensing Head. This
consists of two heated metal
resistance bulbs situated in the
airflow and arranged so that the
leading bulb screens the rear one
so that no moisture impinges
upon it. When the detector
encounters free water in the
airflow, the shielded rear bulb
remains dry and cools at a slower
rate than the wet leading bulb.

b) Moisture Detector Controller.

ICE AND RAIN PROTECTION

) THERMAL SWITCH )

)

Figure 1.7. Sangamo Weston Ice Detector.

This controller is situated in the base of the unit and senses the temperature difference
between the "wet" and "dry" sensing bulbs. When the temperature difference reaches
a predetermined value, and provided that the thermal switch is made, relays operate a
ice warning or initiate the anti-icing or de-icing cycles.

c) Thermal Switch. This is a contact operating thermometer which is housed in a bulb
and is exposed to ambient temperature. When the temperature is above freezing, the
thermal switch prevents the moisture detector from sending an ice warning signal, even
though the latter unit is sensing the presence of water in the airflow. With a temperature
below freezing, the thermal switch allows the warning signal to be sent.
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BETA PARTICLE ICE DETECTION PROBE

Two probes, mounted
perpendicularly from the
forward fuselage, plus a
relay and the flight deck
warning constitute the
basic system.

Under nil ice conditions / \
the forward probe, an | Emmter |
emitter, will emit Beta \
particles which are DETECTOR
detected by the rear
probe, a detector. Beta
particles are absorbed by
ice so that, in icing
conditions, less particles Figure 1.8. Beta Particle Ice Detection Probe.
are sensed by the

detector.

Ata certain Beta particle count rate, corresponding to 0.4 mm of ice, a relay in the detector probe
will operate causing a warning on the flight deck. This may take the form of an ECAM system
display and a single chime. A system test gives the same indications as above.

Ice Formation Spot Light. Many aircraft have two ice formation spot lights mounted one each
side of the fuselage, in such a position as to light up the leading edges of the mainplanes, when
required, to allow visual examination for ice formation.

Note: In some aircraft, this may be the only aid to ice detection at night.

An awareness of the in flight conditions with regard to temperature and moisture is essential for
all aircrew, and a general rule for engine protection is to apply it when the IOAT is +10°C or
below, and the air contains visible moisture. Airframe protection is generally applied at the
onset of indicated icing. This may be from visual indications of leading edges, aerials,
windscreen wipers etc or from the ice detector systems. Ice warnings usually take the form of
an amber caution light and can in some systems initiate the de-icing or anti-icing systems if they
have been pre selected to ‘auto’.

However mechanical de-icing by the ‘Boots’ method must not be initiated until a specific depth
of ice has built up.

The following list is not exhaustive, but should give an indication of the variety of systems and
components which are protected against the effects of ice and rain.
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Engine - Intakes - IGVs - Struts or Webs

Oil cooler intakes, fuel system filters.

Ram air intakes for generator cooling or Engine bay ventilation.
Aerofoils - Wing and tail leading edges. Slats - Propellers.

Airframe - Aerials - Waste water outlet horns Large fences and bullets.
Instrument Systems - Pitot heads and probes.

Cockpit windows.

MECHANICAL ‘DE-ICING’

Pneumatic de-icing
systems are employed in
certain types of piston
engined aircraft and twin
turbo-propeller aircraft.
The number of
components comprising
a system vary, together
with the method of
applying the operating
principle. The
arrangement of a typical
system is illustrated
schematically in Figure
1.9.

Figure 1.9. De-Icer Boots.

De-icer Boots. The de-icer boots, or overshoes, consist of layers of natural rubber and
rubberised fabric between which are disposed flat inflatable tubes closed at the ends. The tubes
are made of rubberised fabric and are vulcanised inside the rubber layers. In some boots the
tubes are so arranged that when the boots are in position on a wing or tailplane leading edge the
tubes run parallel to the span; in others they run parallel to the chord. The tubes are connected
to the air supply pipelines from the distribution valves system by short lengths of flexible hose
secured to connectors on the boots and to the pipelines by hose clips. The external surfaces of
the boots are coated with a film of conductive material to bleed off accumulations of static
electricity. Depending on the type specified, a boot may be attached to a leading edge either by
screw fasteners (rivnuts) or by cementing them directly to the leading edge.

Air Supplies and Distribution. The tubes in the boot sections are inflated by air from the
pressure side of an engine-driven vacuum pump, from a high-pressure reservoir or in the case
of some types of turbo-propeller aircraft, from a tapping at an engine compressor stage.

At the end of an inflation stage of the operating sequence, and whenever the system is switched

off, the boots are deflated by vacuum derived from the vacuum pump or, in systems utilising an
engine compressor tapping, from the Venturi section of an ejector nozzle.
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The method of distributing air supplies to the boots depends on the de-icing systems required for
a particular type of aircraft but, in general, three methods are in use. One method employs
shuttle valves which are controlled by a separate solenoid valve; in the second method air is
distributed to each boot by individual solenoid-controlled valves; in the third method distribution
is effected by a motor-driven valve.

lectronic Cyclic Timer

Dual Vacuum
Pressure gauge

[ Solenoid
Distributor Valve the delay period between
cycles is altered by timer to suit

conditions

>

" Electrical
Control Circuit .

. » long delay for light icing

~~ Pressure Line

= VVacuum Line » short delay for heavy icing

™ Inactive Vacuum
Pressure Line

Figure 1.10. Schematic Diagram of a Pneumatic De-
icing System.

Controls and Indicators. The controls and indicators required for the operation of a de-icing
system depend on the type of aircraft and on the particular arrangement of its de-icing system.
In the basic arrangement, a main on-off switch, pressure and vacuum gauges or indicating lights
form part of the controlling section. Pressure and vacuum is applied to the boots in an
alternating timed sequence and the methods adopted usually vary with the methods of air
distribution referred to above. In most installations, however, timing control is effected by
means of an electronic device. Reference should always be made to the relevant aircraft
Maintenance Manual for details of the appropriate controlling system and time cycles.

Operation. When the system is switched on, pressure is admitted to the boot sections to inflate
the tubes. The inflation weakens the bond between ice and the boot surfaces, causing the ice to
break away. At the end of the inflation stage of the operating sequence, the air in the tubes is
dumped to atmosphere through automatic opening valves and the tubes are fully deflated by the
vacuum supply. This inflation and deflation cycle is repeated during the period the system is in
operation. When the system is switched off vacuum is supplied continually to all tubes of the
boot sections to hold the sections flat against the wing and tail leading edges thus
minimising aerodynamic drag.
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The de-icer boots are pulsated in a set cycle, the frequency of which can be varied by the
frequency selector to cater for light or heavy icing conditions. For cycling purposes, the boots
are usually divided into three groups as follows:

Group 1 - Port and Starboard mainplane inboard boots.
Group 2 - Port an Starboard mainplane outboard boots.
Group 3 - Fin and tailplane boots.

The cycle takes 34 seconds, irrespective of the selection made on the cyclic frequency selector.
The selector merely alters the delay period between cycles, e.g. 206 seconds for light icing and
26 seconds for heavy icing.

THERMAL "ANTI-ICING" AND DE-ICING

Hot air systems on modern aircraft are generally engine bleed air and are said to be ‘anti-icing’.
Other methods of obtaining the hot air will be described, and depending on the duration of
application and the temperature applied, they may be either de-icing or anti-icing systems.

In systems of this type, the leading edge sections of wings including leading edge slats but not
leading edge flaps, and tail units are usually provided with a second, inner skin positioned to
form a small gap between it and the inside of the leading edge section. Heated air is ducted to
the wings and tail units and passes into the gap, providing sufficient heat in the outer skin of the
leading edge to melt ice already formed and prevent further ice formation. The air is exhausted
to atmosphere through outlets in the skin surfaces and also, in some cases, in the tips of wings
and tail units. The temperature of the air within the ducting and leading edge sections is
controlled by a shutter or butterfly type valve system, the operation of which depends on the type
of heating system employed.

A gas turbine engine presents a critical icing problem, and therefore requires protection against
ice formation particularly at the air intake, nose bullet or fairing and inlet guide vanes. Icing of
these regions can considerably restrict the airflow causing a loss in performance and,
furthermore, cause damage to the compressor as a result of ice breaking away and being ingested
by the compressor.

There are two thermal systems in use for air intake de/anti-icing; a hot air bleed system and an
electrical resistance heating system, and although the latter is usually chosen for turbo-propeller
engines to provide protection for the propeller, there are some examples where both systems are
used in combination.

Air Supplies. There are several methods by which the heated air can be supplied and these
include bleeding of air from a turbine engine compressor, heating of ram air by passing it
through a heat exchanger located in an engine exhaust gas system, and combustion heating of
ram air.
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In a compressor bleed system the hot air is tapped directly from a compressor stage, and after
mixing with a supply of cool air in a mixing chamber it passes into the main ducting. In some
systems, equipment, e.g. safety shut-off valves, is provided to ensure that an air mass flow
sufficient for all de-icing requirements is supplied within pressure limits acceptable to duct and
structural limitations.

The heat exchanger method of supplying warm air is employed in some types of aircraft powered
by turbo-propeller engines. The heat exchanger unit is positioned so that exhaust gases can be
diverted to pass between tubes through which outside air enters the main supply ducts. The
supply of exhaust gases is usually regulated by a device such as a thermostatically controlled flap
fitted in the ducting between the exhaust unit and the heat exchanger.

In a combustion heating system ram air is passed through a cylindrical jacket enclosing a sealed
chamber in which a fuel/air mixture is burned, and is heated by contact with the chamber walls.
Air for combustion is derived from a separate air intake and is supplied to the chamber by means
of a blower.

Temperature Control. The control of the air temperature within ducting and leading edge
sections is an important aspect of thermal de-icing system operation and the methods adopted
depend on the type of system.

In a typical compressor bleed system, control is effected by temperature sensing units which are
located at various points in the leading edge ducting and by valves in the main air supply
ducting. The sensing units and valves are electrically interconnected so that the valves are
automatically positioned to regulate the flow of heated air to the system, thus maintaining the
temperature within a predetermined range. Indications of air temperature conditions are
provided by resistance type temperature sensing elements and indicators, temperature sensitive
switches and overheat warning lights. On some aircraft the electrical supplies to the valves are
interrupted by landing gear controlled relays when the aircraft is on the ground. Under these
conditions, valve operation is accomplished by holding the system control switch to a "TEST'
position.

When heat exchangers are employed, temperature control is usually obtained by the use of

adjustable flaps and valves to decrease or increase the supply of heating and cooling air passed
across the exchangers.
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AEROFOIL LEADING
EDGES:

- WINGS

- SLATS
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- TAILPLANE

WING FENCE AREAS
ENGINE INTAKES

Figure 1.11. Areas Heated by ‘Anti-lcing’ Air.

The method of controlling the flaps and valves varies with different aircraft, but a typical system
incorporates an electric actuator, which is operated automatically by an inching device controlled
by a temperature sensing element fitted in the duct on the warm air outlet side of the heat
exchanger. In some systems, actuators are directly controlled by thermal switches, so that the
flaps or valves are automatically closed when a predetermined temperature is reached.
Indications of air temperature conditions are provided by resistance type temperature sensing
elements and indicators, temperature sensitive switches and overheat warning lights.

In systems incorporating combustion heaters, the temperature is usually controlled by thermal
cyclic switches located in the heater outlet ducts, so that when the temperature reaches a
predetermined maximum the fuel supply to the heaters is automatically switched off.

In an engine hot air system the air is bled from the compressor and is fed via ducting into the air
intake nose cowl, through the inlet guide vanes of the engine and also, in some engines, through
the nose bullet. A typical system is illustrated in Figure 1.12. After circulating the intake cowl
and guide vanes, the air is exhausted either to atmosphere or into the engine air intake. The flow
of hot air is regulated by electrically operated control valves which are actuated by control
switches on a cockpit panel. An air temperature control system is not usually provided in a hot
air system.
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Electrical Heating System. In an electrical heating system, heating elements either of
resistance wire or sprayed metal, are bonded to the air intake structure. The power supply
required for heating is normally three-phase alternating current. The arrangement adopted in a
widely used turbo-propeller engine is illustrated in Figure 1.11 as an example. The elements are
of the resistance wire type and are formed into an overshoe which is bonded around the leading
edge of the air intake cowl and also around the oil cooler air intake. Both anti-icing and de-icing
techniques are employed by using continuously heated and intermittently heated elements
respectively. The elements are sandwiched between layers of glass cloth impregnated with resin.
In some systems the elements may be sandwiched between layers of rubber. The outer surfaces
are, in all cases, suitably protected against erosion by rain, and the effect of oils, greases, etc.
The power supply is fed directly to the continuously heated elements, and via a cyclic time
switch unit to the intermittently heated elements and to the propeller blade elements. The cyclic
time switch units control the application of current in selected time sequences compatible with
prevailing outside air temperature conditions and severity of icing. The time sequences which
may be selected vary between systems. For the system shown in Figure 1.11. the sequences are
'Fast', giving one complete cycle (heat on/heat off) of 2 minutes at outside air temperatures
between -6°C and +10°C, and 'Slow', giving one complete cycle of 6 minutes at outside air
temperatures below -6°C. An indicator light and, in some cases, an ammeter, are provided on
the appropriate cockpit control panel to indicate correct functioning of the time switch circuit.

thermostatically
controlled flap
or valve

Exhaust gas

Exhaust gas supply

controlled by thermostatic

device fitted in between

exhaust unit & heat
exchanger

Figure 1.12. A Heat Exchange System.
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For the use of Spraymat systems, the electrical supply can be either AC or DC depending on the
protection required.

The anti-icing supply is continuous, controlled only by master switching and overheat protection
devices. The latter consists usually of a "Thermal Controller" with its associated overheat
protection. .

The de-icing supply is cyclic, pulses being fed through a cyclic switch or similar device. The
timing of the pulses is determined by the manual setting of a selector (Cyclic Timer). The circuit
is arranged so that while the supply is on for some heaters, it is off to others, and vice versa, in
order to maintain a constant de-icing load.

FLUID SYSTEMS

This system prevents the adhesion of ice on surfaces by pumping de-icing fluid to panels in the
leading edge of the aerofoil, and allowing the fluid to be carried over the surface by air
movement.

The fluid is supplied from the storage tank to the pump through an integral filter. The pump has
a single inlet and a number of delivery outlets to feed the distributors on the aerofoil leading
edges. A diagrammatic layout is shown in Figure 1.13. The pump consists of a main casting
which incorporates a pump body, a filter chamber, and a gear casing. When the pump is
incorporated in a system, the pump body and the filter chamber are flooded with de-icing fluid
which acts as a lubricant.

To protect the pump and the system from damage due to pipe blockage etc, the pump
incorporates a safety device which relieves abnormal pressure by reducing the flow. There are
two types of distributor for use with the system, i.e. strip and panel.

The panel distributors cover a large area of the aerofoil leading edge, and are more economical
and efficient than strip distributors. They have the disadvantage of not being suitable for
surfaces with double curvature, e.g. fins where the strip distributor has to be used. The panel
distributor is fitted over, or let into the leading edges of the mainplanes and tailplane. It consists
of a porous outer panel, a micro porous sheet, and a back plate. The porous panel extends
beyond the edges of the porous sheet, and screws passing through the panel secure the distributor
to the aerofoil surface. An entry connector, which accommodates a metering tube, passes
through the backplate to which it is bolted. A sectional view of a panel distributor is shown inset
in Figure 1.13.

De-icing fluid enters the connector from the main supply pipe, passes through the metering tube,
and enters the cavity between the backplate and the porous sheet. The fluid then seeps through
the porous sheet of the distributor, and is distributed over the aerofoil surfaces by the airstream.
The strip distributors are inserted in the leading edge of the aerofoil, and are connected, in series
to the main supply pipe.
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De-icing fluid fills the primary feed channel and passes through the flow control tubes into the
secondary feed channel. The fluid in the secondary feed channel filters through the porous metal
side and onto the leading edge of the aerofoil.

wing distribution |
panels

micro porous
panel plate

WINDSCREEN PROTECTION.

Windscreen protection is provided by fluid sprays, electrical heating, and cabin air may be
provided for de misting. Electrical heating may be within the main windscreen, or added as an
optional extra by means of a small heated glass panel fitted in front of the windscreen. Wipers
are also provided on some aircraft and these may be assisted by the use of rain repellent systems.

Windshield or Windscreen Wipers. Independent two speed wipers are usually provided for
both pilots. They may be electrically or hydraulically powered, with two operating speeds and
some systems have a parking facility. They should not be operated on a dry windscreen.

Windscreen Washers. This system sprays washer fluid into the windscreen panels, and is used
in conjunction with the wipers to clean the windscreens, a typical control panel is shown in
Figure 1.15., where a single washer control button controls the fluid for both screens. Typically
the reservoir would contain about one gallon, located in one of the underfloor bays and have a
slight gauge visible for replenishment. Fluid being routed from the pump to four spray nozzles,
with manually operated flow distribution and control valves located on the flight deck to provide
selective flow to the windshields.
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Windscreen Rain Repellent System. The rain repellent system consists of four valve/timer
nozzles, two for each screen and a manifold which stores and distributes the fluid to the nozzles.
It is charged with repellent fluid from an aerosol type disposable container which screws into
the manifold. A sight gauge displays a refill float when the fluid is low, and a pressure gauge
with green and red areas to indicate a go/no go condition. If the float is visible or the pressure
gauge indication is in the red area the container fluid is depleted. The rain repellent system is
used with the wipers to improve visibility during heavy rain. Rain repellent fluid is sprayed onto
the respective windshield by momentarily pressing the rain repellent button switch on the
captain's or first officer's wiper control panel. Each actuation of the switch opens the container
valve for approximately one third of a second regardless of how long the switch is held in.
Depending on airspeed and rain intensity, each actuation should be adequate for 2 to 5 minutes.
A fully charged container holds about 75 applications, and repellent applied to a dry windscreen
will reduce visibility. The use of both systems simultaneously should be avoided.

Fluid De-icing System. The method employed in this system is to spray the windscreen panel
with a methyl-alcohol based fluid. The principal components of the system are a fluid storage
tank, a pump which may be a hand-operated or electrically operated type, supply pipe lines and
spray tube unit. Figure 1.14. illustrates the interconnection of components based on a typical
aircraft system in which fluid is supplied to the spray tubes by two electrically operated pumps.
The system may be operated using either of the pumps or both, according to the severity of icing.

FLUID TANK|

£ CHECK|
= | VALVE

TWIN NON-RETURN VALV

Figure 1.14. Typical Windscreen Fluid De-Icing System
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Electrical Anti-icing System. This system employs a windscreen of special laminated
construction heated electrically to prevent, not only the formation of ice and mist, but also to
improve the impact resistance of the windscreen at low temperatures.

1st
Officer’s

Typical system

» Independent electrically or hydraulically
powered wipers for each pilot

» Panels control wipers & rain repellant

Figure 1.15 Typical Washer, Wiper and Repellent Controls

The film-type resistance element is heated by alternating current supplied from the aircraft's
electrical system. The power required for heating varies according to the size of the panel and
the heat required to suit the operating conditions. The circuit embodies a controlling device, the
function of which is to maintain a constant temperature at the windscreen and also to prevent
overheating of the vinyl interlayer which would cause such permanent damage as vinyl 'bubbling'
and discolouration.

In a typical anti-icing system, shown schematically in Figure 1.16., the controlling device is
connected to two temperature sensing elements laminated into the windscreen. The elements
are usually in the form of a fine wire grid, the eléctrical resistance of which varies directly with
the windscreen temperature. One sensing element is used for controlling the temperature at a
normal setting and the other is used for overheat protection.

A system of warning lights and, in some cases, magnetic indicators, also forms part of the control

circuit and provides visual indications of circuit operating conditions, e.g. 'normal', 'off' or
'overheat'.
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1.11

When the power is applied via the system control switch and power relay, the resistance element
heats the glass. When it attains a temperature pre-determined for normal operation the change
in resistance of the control element causes the control device or circuit to isolate, or in some
cases, to reduce the power supply to the heater element. When the glass has cooled through a
certain range of temperature, power is again applied and the cycle is repeated. In the event of
a failure of the controller, the glass temperature will rise until the setting of the overheat sensing
element is attained.

At this setting an overheat control circuit cuts off the heating power supply and illuminates a
warning light. The power is restored and the warning light extinguished when the glass has
cooled through a specific temperature range. In some systems a lock-out circuit may be
incorporated, in which case the warning light will remain illuminated and power will only be
re-applied by cycling the system control switch to 'OFF' and back to 'ON',

a) In addition to the normal temperature control circuit it is usual to incorporate a circuit
which supplies more heating power under severe icing conditions when heat losses are
high. When the high power setting is selected, the supply is switched to higher voltage
output tappings of an auto transformer which also forms part of an anti-icing system
circuit thus maintaining the normal operating temperature. The temperature is
controlled in a manner similar to that of the normal control temperature circuit.

b) For ground testing purposes, the heating power supply circuit may also be controlled by
landing gear shock-strut micro-switches in such a way that the voltage applied to the
resistance elements is lower than that normally available in flight.

PROPELLER PROTECTION SYSTEMS.

Ice formation on a propeller blade produces distortion to the aerofoil section, causing a loss in

efficiency, possible unbalance and destructive vibration. The build up of ice must be prevented
and there are two systems in use.

Protection is provided either by an Anti-Icing fluid system, or by an electrically powered
thermal De-Icing system.
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Inner third
always de-iced

" Effects of ice

» distorts aerofoil

» causes inbalance
» vibration

» loss of efficiency

i
|

Protection by
» anti-icing fluid system

» electrical thermal
- de-icing system

|
|
|
|
|
|
i

Middle third occassionaly de-iced
dependant on prop characteristics

Figure 1.16. Propeller Icing System.

The fluid system provides a film of de-icing fluid to the propeller blade surfaces during flight
which mixes with the water or ice and reduces the freezing point of the mixture. Fluid is
distributed to each propeller blade from a slinger ring which is mounted on the back of the
propeller hub. The fluid is pumped into this ring through a delivery pipe from a supply tank.
Some propellers have rubber overshoes fitted to the blades to assist the distribution of the fluid.

On this type of installation fluid is fed from the slinger ring to a small trough, which is part of
the overshoe, and is then forced by centrifugal action along longitudinal grooves in the
overshoes. On propellers which are not fitted with overshoes, fluid is fed from the slinger ring
through a pipe to the root of the blade and is then distributed by centrifugal action. The fluid
may be pumped to the slinger ring from the supply tank by an independent electrically driven
pump but air pressure is sometimes used. The electric pump may be controlled by a switch and,
in some installations, the pump speed may be varied by means of a rtheostat. Check valves are
sometimes provided to prevent loss of fluid when the pump is not operating, the supply pressure
is typically 10 PSI. Where air pressure is used to supply fluid, a relief valve is usually fitted to
the air supply line and a control valve provided to regulate the fluid flow.
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» Fluid pumped to
slinger ring from
supply tank

» Slinger tubes
distribute fluid to
blades by
centrafugal action

» Thin film of fluid on
blades sometimes
aided in distribution
by rubber overshoes

In electrical systems, the basis for effective de-icing is formed by resistance wire heating
elements bonded to the leading edges of the propeller blades; in the case of turbine engine
propellers, wire woven or sprayed elements are also bonded to the front shell of the spinner.
Depending on the type of aircraft, the power for heating the elements is either direct current or
alternating current and is applied in a controlled sequence by a cyclic timer unit. In
turbo-propeller engine installations, the propeller heating circuit forms part of a power unit
de-icing and anti-icing system, and the cyclic control is integrated with the engine air intake
heating circuit.

Construction. The construction of the elements, or overshoes as they are sometimes called,
varies between propeller types. In one commonly used propeller, the heating element wires are
interwoven with glass threads which form a glass cloth base, this in turn, being cemented
between sheets of rubber. A protective guard of wire gauze is cemented beneath the outer rubber
covering. The overshoe is shaped to fit around the blade leading edge and is cemented to it. In
some cases, the overshoe is cemented in a rebate machined in the leading edge, so that it lies
flush with the blade surfaces.

Power Supplies. The power required for heating is conveyed to the elements via cables, slip
rings and by brushes contained within a brush block housing. The slip rings are normally
mounted at the rear of the propeller hub or on a starter ring gear, and the brush housing on the
engine front casing, but in some systems the method of mounting may be the reverse way round.
The cables are of sufficient length and are positioned so as to allow for movement of the blades
throughout their designed pitch range.

6.1-21 ©Oxford Aviation Services Limited



AIRCRAFT SYSTEMS ICE AND RAIN PROTECTION

1.12

1.13

Heating Control. Efficient operation of these systems necessitates a relatively high
consumption of electrical power. This is, however, controlled by employing a cyclic de-icing
technique whereby a short unheated period allows a thin film of ice to build up on the leading
edges of the propeller blades. Before this film builds up sufficiently to interfere appreciably
with the aerodynamic characteristics of the blades, the cyclic control applies heating power. The
ice already deposited then acts as thermal insulation, and as the ice in contact with the blade
surfaces melts, the main ice catch is carried away under the action of centrifugal and

aerodynamic forces.
Internal or external
heating elements

> power in a controlled | S

sequence by cyclic timer unit

> conveyed to elements via -
cables, slip rings & brush block 1
> cyclic de-icing: thin films of ice P
are melted by heated elements ! |
before they can interfer with i
aerodynamics of blades

Figure 1.17. Propeller Schematic Ciruit. B

MISCELLANEOUS ITEMS
In addition to the major items already covered there is the possibility that heating may be
required on any or all of the following items:

a) Pitot Heads or Probes.
b) Alpha Probes.

c) Q Feel Probes.

d) P, Probes.

e) Waste Water Drain Horn.
f) Total Air Temp Heads.
g) Aerials.

h) Water Pipes "In Line" Heaters.
MAINTENANCE AND PRE FLIGHT ASPECTS

These are well documented in C.A.P. 512 which is reproduced in the following chapter.
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1. GENERAL

1.1

1.2

1.3

1.4

1.5

The presence of frozen deposits on an aircraft may be the result of direct precipitation
(rain, snow, frost etc.) or accretion of frost or ice on external surfaces of integral fuel
tanks after prolonged flight at high altitude, or accumulations on the landing gear and
forward surfaces or undersurfaces following taxying through snow or slush.

Any deposits of ice, snow or frost on the external surfaces of an aircraft may drastically
affect its performance. This can be due to reduced aerodynamic lift and increase
aerodynamic drag resulting from the disturbed airflow over the aerofoil surfaces, or due
to the weight of the deposit over the whole aircraft. The operation of an aircraft may
also be seriously affected by the freezing of moisture in controls, hinges and
microswitches, or by the ingestion of ice into the engine. Furthermore, since the in-
flight de-icing system may not become effective until the aircraft is established in the
climbout, the measures taken to remove frozen deposits on the ground must also be such
as to provide adequate protection during the initial stages of flight.

Neither the use of currently available Freezing Point Depressant (FPD) types of de-
icing/anti-icing compounds, nor the use of manual techniques of de-icing with such
compounds should be though of as producing reliable anti-icing qualities for a definable
period of time, because the number of variables involved make it impractical to estimate
that time. Only in the sense that under certain conditions FPD anti-icing compounds are
known to be effective in retarding the formation of frost, snow or ice, may they be
considered to have anti-icing qualities for a period of time, thus making the process of
de-icing simpler and in many case obviating the need for further de-icing or treatment
during that period. It is emphasised, however, that the need for a close inspection of an
aircraft prior to take-off still remains.

The aircraft de-icing systems are designed to remove or prevent the accretion of ice on
a specific area of the wings, tail and engine nacelles in flight and would not normally
be effective in removing deposits which have accumulated while the aircraft is
stationary. Their use on the ground may, in some instance, also cause a different type
of unsatisfactory situation by melting parts of the deposit which would then freeze
elsewhere. The use of cabin heating to remove deposits from the fuselage is also not
recommended for the same reason.

When aircraft are moved so as to be under cover during inclement weather, any melted
snow or ice may freeze again when the aircraft is subsequently moved into sub-zero
temperatures. Complete protection could be provided by placing aircraft in heated
hangars, but due to the size of modern transport aircraft and the need to meet schedules,
involving quick turnround times this is not often practicable. Removal of frost, ice and
snow from aircraft is therefore often necessary and maintenance crews need to be
familiar with the methods of ground de-icing in current use.
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» Aircraft may be de-iced by FPD
fluids and heated water

» De-icing & anti-icing can be
performed as one stage or several
depending on -

- prevailing conditions
- fluid concentration

- methods used

- facilities available

Figure 2.1.

Commonly used to maximise
protection times.

» Spray entering the engines or
APU intakes could cause toxic
fumes to enter cabin and affect
crew or passengers Sraeais . sue

» Therefore APU & engine bleeds
should be closed during such
operations to minimise the risk of
cabin contamination

Figure 2.2
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1.6

There are three main types of de-icing/anti-icing fluids:-

a) ISO Type I fluids (unthickened) (SAE AMS 1424A). These fluids have a
high glycol content and a low viscosity. The de-icing performance is good,
however, they provide only limited protection against re-freezing. Type I fluids
are usually clear.

b) ISO Type II fluids (thickened) (SAE AMS 1428A). These fluids have a
minimum glycol content of approximately 50% and due to the thickening agent
have special properties which enable the fluid to remain on the aircraft surfaces
until take-off. The de-icing performance is good and, in addition, protection is
provided against re-freezing and/or build-up of further accretions, when
exposed to freezing precipitation. Type II fluids are usually straw coloured.

c) ISO Type IV fluids (thickened) (SAE AMS 1428A) This fluid is simlilar in
both composition and operation to Type II fluids. however, through the use of
advanced thickening systems it is able to provide longer holdover time than
Type II fluids, when used in concentrated form. As with Type II fluids the
holdover time can be extended by increasing the concentration of fluid in the
fluid/water mix. Type IV fluids are usually coloured green.

2. PRE-FLIGHT PREPARATION

2.1

The whole aircraft should be inspected to ensure that it is free from deposits of frost, ice
and snow. When necessary, a de-icing fluid should be used. The objectives of using
such fluids are to achieve effective removal of any frost or ice and to provide a measure
of protection against further formation. Only fluids approved for the purpose should be
used.

a) The ability of the fluid to achieve the above objectives under varying
atmospheric conditions id dependent upon the correct mixture strength and
methods of application, both of which should be strictly in accordance with
recommended procedures. For example, while fluid diluted with water may
effectively remove ice, its ability to prevent further formation will be
significantly reduced, and under certain conditions the fact that the aircraft
surfaces are wetted may actually enhance the accumulation of wet snow.

b) Where adequate advice on approved fluids, mixture strength and method of
application is not given in the relevant aircraft Maintenance Manuals, guidance
should always be sought from the aircraft manufacturer and from the suppliers
of the fluid. The following information is only intended as general information
and should not be used to override that which is contained in the aircraft
Maintenance Manuals.
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TABLE 1

GUIDELINE TO HOLDOVER TIMES

OAT ISO Type IV APPROXIMATE HOLDOVER TIMES UNDER VARIOUS WEATHER CONDITIONS
Fluid (hours: minutes)
Concentration
°C °F Neat- °Frost Freezing Snow °°Freezing Light Rain or Cold
Fluid/Water Fog Drizzle Freezing Rain | Soaked Wing
(Vol%/Vol%)
above above 100/0 18:00 2:20-3:00 0:45-1:25 0:40-1:00 0:35-0:55 0:10-0:50
0 32 75125 6:00 1:05-2:00 0:20-0:40 0:30-1:00 0:15-0:30 0:05-0:35
50/50 4:00 0:20-0:45 0:05-0:20 0:10-0:20 0:05-0:10
O0to-3 32t027 100/0 12:00 2:20-3:00 0:35-1:00 0:40-1:00 0:35-0:55
75/25 5:00 1:05-2:00 0:20-0:35 0:30-1:00 0:15-0:30
50/50 3:00 0:20-0:45 0:05-0:15 0:10-0:20 0:05-0:10
below -3t0-14 | below 27 to 7 100/0 12:00 0:40-3:00 0:20-0:40 0:30-1:00 0:30-0:45
75/25 5:00 0:35-2:00 0:15-0:30 0:30-1:00 0:15-0:30
below -14 to -25 | below 7 to -13 100/0 12:00 0:20-2:00 0:15-0:30
below -25 below -13 100/0 ISO Type IV Fluid may be used below -25°C (-13°F) provided that the freezing point of the fluid is at least
7°C (13°F) below the actual OAT and the aerodynamic acceptance criteria are met. Consider use of ISO
Type | when ISO Type IV fluid cannot be used. (See Table 1)
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NOTE:(1) Under extreme cold conditions it may be necessary to heat the neat fluid (60°C

23

NOTE:

24

max) to give it sprayability

2 No significant increase in holdover time is achieved by strengthening the mix
of type I (AEA) fluids.

3 Stations using Kilfrost will normally provide a mix of 50/50 or 60/40. It may
be difficult to get stronger mixes at short notice unless the temperature
conditions at the stations involved are below limits for that mix.

Advances in the composition of de-icing fluids have led to the production of a dual
purpose anti-icing (DID 900/4907) which is capable of removing ice and snow and
delaying deposits re-forming. When used as a de-icing agent, this should be mixed with
the required volume of water and applied at a temperature of approximately 70°C by the
method described in paragraph 4.2. It is however, strongly recommended that
refractometer readings be taken so that the precise concentration of the solution can be
determined.

Pocket refractometers are available which permit on site measurement of fluid
concentration as a refractive index which can be converted to fluid/water
proportions accurately by means of a chart.

Table 1 gives a guide to some typical maximum times during which the residual film of
fluid may be effective in providing protection from re-freezing. It must be appreciated,
however, that the period of protection will vary dramatically, depending upon the
severity of the particular condition. Visual checks of the aircraft external surfaces are
therefore always required to confirm the actual condition of the aircraft in extreme
conditions of snow and freezing rain.
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3. FROST DEPOSITS AND METHODS OF TREATMENT

31 A deposit of frost is best removed by the use of a frost remover, or in severe conditions,
a de-icing-icing fluid (e.g. Kilfrost ABC or similar proprietary fluids). These fluids
normally contain either ethylene glycol and isopropyl alcohol or diethylene glycol (or
propylene glycol) and isopropyl alcohol, and may be applied by spray or by hand. The
process is not lengthy, as one application is usually sufficient, provided that it is applied
within the two hours prior to flight.

NOTES:

) De-icing fluids may adversely affect glazed panels or the exterior finish of
aircraft, particularly when the paint is new.  Only the type of fluid
recommended by the aircraft manufacturer should therefore be used and any
instructions relating to its use should be strictly observed.

2 De-icing fluids, particularly those with an alcohol base, may cause dilution or
complete washing out of oils and greases from control surface bearings, etc.,
allowing the entry of water which could subsequently freeze, jamming controls.
Spray nozzles should not, therefore, be direct at lubrication pints or sealed
bearings and an inspection of areas where fluid may be trapped is usually
necessary. The Maintenance Schedule may specify relubrication in these areas
whenever de-icing fluids are used.

3.2 Frost may also be removed from aircraft surfaces using a mobile unit capable of
supplying large quantities of hot air through a delivery hose and nozzle. The air is blow
on to the wings, fuselage and tail surfaces and either blows away or melts any frost
deposits. Operators using this equipment should ensure that any melted frost is dried
up and not allowed to accumulate in hinges, microswitches, etc. where re-freezing could
occur.

4. ICE AND SNOW DEPOSITS AND METHODS OF TREATMENT Probably the most
difficult deposit to deal with is deep wet snow when ambient temperatures are slightly above
freezing point. This deposit should be removed with a brush or squeegee, care being taken not
to damage aerials, vents, stall warning vanes, Pitot probes, vortex generators, etc., which may
be concealed by the snow. Light dry snow in sub-zero temperatures should be blown off
whenever possible; the use of hot air is not recommended, since this would melt the snow, which
would then freeze and require further treatment. Moderate or heavy ice and residual snow
deposits should be removed with a de-icing fluid, which may be successfully applied to any
aircraft by spraying; in severe conditions it may be necessary to spray a final application
immediately before flight. The aircraft nose and cockpit canopy should normally be left dry to
ensure that the windscreen does not become contaminated with fluid which could cause smearing
and reduced vision. Windscreens should not be cleared by wiping with an alcohol-soaked cloth
or by use of the windscreen anti-icing system.
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NOTES:

4.1

4.2

NOTE:

¢y No attempt should be made to remove ice deposits or break an ice bond
by force.
2) It is essential that removal of deposits proceeds symmetrically.

COLD FLUID SPRAY. A cold fluid spray is the simplest method of applying de-icing
fluid, but suffers from several disadvantages which must be considered in relation to the
particular circumstances.

a)

In very severe conditions one sprayed application of cold fluid may be sufficient
to remove all the ice and snow; brushing or rubbing thickly iced areas is usually
necessary, followed by a second or even third application of fluid. As the ice
and snow melts, the fluid is diluted, becomes less effective and is prone to
freezing again quite quickly. This may have serious consequences if the diluted
fluid is allowed to run into control surface and landing gear mechanisms. Under
these conditions the cold spray method may be both prolonged and expensive.

HOT FLUID SPRAY. Many airline operators have dispensed with the use of cold
spraying techniques except at small airports and in an emergency. They have adopted
ahot fluid spraying system which was developed specifically to reduce turnaround times
and to inhibit the bonding of ice and snow to aircraft surfaces for a period of time. The
equipment used consists of a static unit, in which quantities of both water and de-icing
fluid are heated, and a mobile unit which houses an insulated tank, a pump, an
hydraulically-operated boom-mounted platform and several spray lances.

a)

b)

In this system, hot fluid is pumped from static unit to the insulated tank on the
mobile unit, the proportions of water and de-icing fluid being adjusted to suit
prevailing weather conditions. The mobile unit is then driven to the site of
operations, the optimum number and disposition of units being found by
experience on a particular aircraft type.

The fluid is normally sprayed on at a temperature of 70°C and a pressure of 700
kN/m’ (100 Ibf in?), holding the nozzle close to the aircraft skin to prevent heat
losses. Heat is transferred to the aircraft skin, thus breaking the ice bond, and
large areas of ice may be flushed away by turning the nozzle sideways. In this
way, time is saved and the dilution of fluid with ice and snow reduced to a
minimum. The film of fluid left on the aircraft skin, being only slightly further
diluted, is effective in preventing ice re-forming.

Overheating in the de-icing rig, of most de-icing fluids will result in a gelled
formation being deposited on the aircraft which will not shear off on take-off
and may, therefore, have an adverse aerodynamic effect.

HOT WATER DE-ICING. Hot water de-icing should not be carried out at

temperatures below -7°C, and the second step must be performed within three
minutes of the beginning of step 1, if necessary area by area.
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4.3

4.4

i)

i1)

Step 1. Snow and ice is initially removed with a jet of hot water at a maximum
temperature of 95°C

Step 2. A light coating of de-icing fluid is then immediately applied to the
aircraft to prevent re-freezing.

HIGH PRESSURE SPRAYS

a)

b)

High pressure sprays used for de-icing are capable of causing damage to Pitot-
static probes and other sensing devices. A carelessly directed spray could also
result in the ingress of a considerable quantity of fluid into engine intakes,
drains or vents, possibly resulting in cabin smoke or malfunction of an
associated aircraft system. Where covers or bungs are provided they should be
fitted during de-icing operations. Where this is not possible care must be taken
to prevent direct impingement of the spray on any vents or probes.

High pressure sprays can also cause erosion of the aircraft skins and some
aircraft manufacturers recommend a maximum impingement pressure which is
quoted in the appropriate Maintenance Manual and should not be exceeded.

DE-ICING OF AIRCRAFT WITH ENGINES OPERATING

a)

b)

d)

Aircraft 'taxi-through' de-icing facilities are presently being used which de-ice
aircraft with the engines operating. Winter environmental conditions and the
manner of application create potentially unsafe conditions if an incorrect de-icer
solution is inadvertently sprayed into the engine/APU inlets or contacts the
exhausts when the engines or APU are operating. APU and engine bleeds
should be closed during such operations to minimise the risk of contamination
of the cabin environment.

De-icing fluid have a flashpoint of 139 to 156 °C in their undiluted state which
is within the engine/APU operating range. The numerous de-icing fluids
available also include some which have toxic characteristics that could affect
personnel or passengers if ingested by the air-conditioning system.

Some aircraft manufacturers i$sue instructions which contain precautions
concerning fluids and techniques for de-icing aircraft with engines operating.
A safety hazard could exist if the manufacturer's instructions are not followed.
Safeguards should include procedures which ensure that de-icing fluids are
diluted below critical flashpoints and that such fluid are prevented from

entering air ducts, air-conditioning systems, and engines/APU inlets or exhaust.

Fire and emergency equipment should also be readily available at all times.
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S. ANTI-ICING MEASURES

5.1

5.2

When used as an anti-icing agent, the FPD fluid should be sprayed onto the aircraft cold
and undiluted, either before the onset of icing conditions or after hot de-icing has been
carried out. This will leave a film of fluid approximately 0.5 mm (0.020 in) thick on the
surfaces sprayed and give protection overnight in all but the most severe weather
conditions. The fluid prevents ice and snow from sticking to the aircraft skin and given
time will melt any fresh precipitation. Newly fallen snow may be quickly removed by
blowing, and heavy ice deposits, such as those produced by freezing rain may be
removed by a light and economical spray of hot fluid. Excess fluid will shear off during
the take-off run (but see paragraph 4.2(b) Note).

NOTE: FPD compound should not be applied to windscreens or essential glazed panels
as it will severely restrict vision.

On some aircraft not equipped with an aerofoil de-icing system, the use of a De-Icing
paste may be specified. This paste is intended to prevent the accumulation of frozen
deposits which may result from inadvertent flight into icing conditions. When spread
smoothly by hand over the leading edges of the wings and tail unit the paste presents a
chemically active surface, on which ice may form but may not bond. Any ice which
does form may ultimately be blown off in the airstream.

a) The paste should be reactivated before each flight in accordance with the
manufacturer's instructions.

WARNING: It is important to note that de-icing pastes do not constitute an approved
method of de-icing otherwise unprotected aircraft for intended flights into known or
forecast icing conditions.

6. INSPECTION AFTER DE-ICING OPERATIONS. 1t is important to carry out an inspection
of an aircraft after completion of de-icing operations. The aircraft should also be continually
monitored between de-icing and departure to ensure no further ice build-up has occurred. The
presence of ice in certain areas may not be obvious to personnel handling the de-icing
equipment.

NOTE: The effective duration of anti-icing fluids depends on concentration/temperature of
application, volume of snow and ice, etc. subsequent ambient temperature and time.

6.1

All external surfaces should be examined for signs of residual snow or ice, particularly
in the vicinity of control surface gaps and hinges. This is especially important where
control surfaces are sealed by 'curtains' of the Westland-Irvine type. Drainage or
pressure sensing holes and radiator honeycombs should be checked to ensure that they
are not blocked. Where it has been necessary to physically remove a layer of snow all
protrusions and vents should be examined for signs of damage. (see para. 8 and 9)
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6.2

6.3

6.4

6.5

6.6

Where possible, control surfaces should be moved by hand to ascertain that they have
full and free movement. Where this is not possible the pilot's controls should be gently
operated, bearing in mind that power operated controls exert considerable force on the
control surface and could cause damage if any part of circuit is frozen. If any restriction
is found, the control cables, pulleys, fairleads, hinges etc. should be examined and any
frozen deposits treated with de-icing fluid until smooth control operation is achieved.

The landing gear mechanism, doors, bays and wheel brakes should be inspected for
snow or ice deposits, and the operation of uplocks and microswitches checked. In very
severe conditions it is possible for the tyres to become frozen to the ground; they may
be freed by the application of warm air to the ice (not the tyre) and the aircraft should
then be moved to a dry area.

Snow or rain can enter jet engine intakes after flight and freeze in the compressor when
the engine has cooled. If compressors cannot be turned by hand for this reason, the
engine should be blown through with hot air immediately before starting, until the
rotating parts are free.

The low temperatures associated with icing conditions may also introduce problems
apart from those associated with the clearance of precipitation.

1) Contraction of metal parts and seals can lead to fluid leakage and particular
attention should be given to landing gear shock absorber struts and hydraulic
jacks.

ii) Tyre and shock absorber strut pressures reduce with temperature and may

require adjustment in accordance with the loading requirements.

Technical Logs. An entry should be made in the Technical Log as required by British
Civil Airworthiness Requirements, Section A, Chapter A6-8, unless an alternative
company procedure has been agreed by the CAA.

7. AIRCRAFT DE-ICING AND ANTI-ICING

7.1

An aeroplane may be de-iced by any FPD fluids and heated water. In respect of
rotocraft, manufacturers have not formally approved the used of FPD fluids and should,
therefore, be consulted being using such fluids. Heated water, FPD fluids or aqueous
solutions of FPD fluids are more effective in the de-icing process. The de-icing and
anti-icing processes may be performed as one stage or multiple stage processes as
desired depending upon prevailing conditions, concentration of FPD fluid utilised,
facilities available and de-icing methods. Unheated FPD fluids or aqueous solutions are
more effective in the anti-icing process than heated fluids.
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7.2

7.3

7.4

7.5

7.6

In conditions of freezing precipitation or high humidity when aircraft surface
temperatures are near or below freezing, it should not be assumed that snow or other ice
crystal accumulations will blow off during initial stages of take-off. Surfaces should
therefore be anti-iced to retard the formation of ice prior to take-off.

FPD freeze point and/or mixture strength can be determined using refractive index
techniques FPD fluid manufacturers can suggest or supply suitable equipment.

Critical surface temperatures under many circumstances are found in the vicinity of
integral wing fuel tanks. When fuel temperatures are higher than ambient, critical
surface temperatures will occur at other locations. These temperatures can be
determined by direct measurement or by estimating fuel temperature.

In conditions of non-precipitation an anti-iced aircraft should be closely inspected prior
to flight to ensure that no ice crystals have formed in the residual fluid film. If freezing
is in evidence the holdover time will have been exceeded and a de-icing process must
be carried out. This is especially important when relative humidity is high.

Underwing frost should be removed and, where practical, the surface anti-iced to delay
re-formation of frost. See Appendix for additional information on this subject.

PRE-FLIGHT INSPECTION Pre-flight inspection should be performed immediately prior to

departure, following the ground de-icing and anti-icing process. Areas to be inspected depend
upon the aircraft design and should be identified in an inspection checklist. The inspection
checklist should include all items recommended by the aircraft manufacturer (for rotorcraft see
paragraph 7.1) and may be supplemented, as necessary, to include special operational
considerations, but this checklist should include the following general items:-

a)
b)
¢)

d)

g

h)

Wing leading edges, upper surfaces, and lower surfaces.

Stabilising device leading edges, upper surfaces, lower surfaces, and side panels.
High lift devices such as leading edge slats and leading or trailing edge flaps.
Wing lift spoilers

All control surfaces and control balance bays

Propellers

Rotor blades, rotor heads and controls

Critical rotor system devices such as droop stops

Engine inlets, particle separators and screens
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1)) Windscreens and other transparencies necessary for visibility
k) Antennae
1) Fuselage sections forward of stabilising, control and lifting surfaces, propellers, rotors,

or engine air inlets.

m) Exposed instrumentation devices such as angle-of-attack vanes, pitot-static pressure
probes, total air temperature probes and static vents.

n) Fuel tank and fuel cap vents

0) Cooling and APU air intakes/inlets/exhaust

P) Landing gear

Q) Technical Log, which should be checked for the relevant entry.

Once it has been determined through pre-fight inspection that the aircraft is clean and adequately
protected, the aircraft should be released for take-off as soon as possible. This is especially
important in conditions of precipitation of high relative humidity.

9. PRE-TAKE OFF INSPECTION

9.1 FIXED WING AIRCRAFT

a)

Just prior to taking the active runway for take-off or just prior to initiating take-
off roll, a visual pre-take-off inspection should be made. The components to be
inspected depend upon aircraft design. In some aircraft, the entire wing and
portions of the empennage are visible from the cockpit or the cabin. In other
aircraft, these surfaces are so remote that only portions of the upper surface of
the wings are in view. Undersurfaces of wings and landing gear are not
viewable in any but high-wing type aircraft. A practice in use by some
operators is to perform close visual inspection of wing surfaces, leading edges,
engine inlets, and other components of the aircraft that are in view either from
the cockpit or cabin (whichever provides maximum view). If surfaces have not
been treated with FPD fluid , evidence of melting snow and possible freezing
is sought. Also evidence of any ice formation that may have been induced by
taxi operations is sought. If the aircraft has been treated with FPD fluids,
evidence of a glossy smooth and wet surface is sought. If, as a result of these
inspections, evidence of ice, snow, or frost accretions is observed, the aircraft
should be returned to a maintenance areas for additional de-icing.
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9.2

b)

The fact that is impractical for an aircraft crew member to disembark at the end
of a runway and perform pre-take-off inspections means that the crew member
should perform that inspection from the best vantage point available from
within the aircraft. The crew member may elect to open windows, doors, or
hatches to improve the view, but in many aircraft even this is impractical. At
night the crew member must rely upon wing and engine ice inspection lights
which may not always provide sufficient reflection to make all the appropriate
visual observations.

The crew member may, where practical, call upon the assistance of qualified
ground personnel. If under any circumstances, the pilot in command cannot
ascertain that the aircraft is clean, take-off should not be attempted.

Conducting pre take-off inspection in the manner described relies upon: the
pilot in command being knowledgeable of ground de-icing procedures; the
ground de-icing process having been conducted in a thorough and uniform
manner; and critical surfaces or components not in view during pre-take-off
inspection also being clean. The decision to take off following pre take-off
inspection remains the responsibility of the pilot in command.

ROTORCRAFT

a)

b)

Pre-take-off inspection of rotor systems should be conducted just prior to
starting rotors turning. Rotor systems should not be started unless blade
surfaces and other critical components are free of ice., frost or adhering snow.

Not all rotorcraft are certificated for flight in falling, blowing or recirculating
snow. Flight Manual limitations prohibiting such operations must be observed.

Rotorcraft manufacturers have not formally approved the use of FPD fluids and
should, therefore, be consulted being using such fluids.
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PART 3 - COMMON PRACTICES OR SUGGESTED PRACTICES FOR SAFE COLD
WEATHER OPERATIONS

10. COMPANY QUALITY ASSURANCE PROCEDURES

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

Establish quality assurance programmes to ensure that FPD fluids being purchased and
used are of the proper characteristics and that:

a) storage limitations are being observed.

b) proper ground de-icing and anti-icing procedures are utilised.

c) all critical areas are being inspected.

d) all critical components of the aircraft are clean prior to departure.

Perform thorough planning of ground de-icing activities to ensure that proper supplies
and equipment are available for forecast weather conditions and that responsibilities are
specifically assigned and understood. This should also include maintenance service
contracts at line stations to ensure that the ground facilities and procedures used provide
assurance in matters which the pilot cannot check and so enable the crew to be satisfied
that the aircraft can safely take-off.

Monitor weather conditions very closely to ensure that planning information remains
valid during the ground de-icing or anti-icing processes and subsequent aircraft
operations. FPD fluids, de-icing or anti-icing procedures and departure plans should
be altered accordingly.

Use FPD concentrations which will provide adequate holdover times under the
prevailing conditions.

De-ice or anti-ice areas which may be viewed by the pilot (from inside the aircraft) first
so that during pre-take-off inspection he may have some assurance that other areas of
the aircraft are clean, since areas de-iced or anti-iced first will generally freeze first.

Use the two-stage de-icing process where ice deposits are first removed, and then coat
all critical components of the aircraft with an appropriate mixture of FPD fluid (anti-
icing) to prolong effectiveness.

Ensure thorough co-ordination of the ground de-icing and anti-icing processes so that
final treatments are provided just prior to take-off.

Where feasible, use remote sites near the take-off position for de-icing or anti-icing to
reduce the time between de-icing and take-off, or to provide additional FPD fluid to

prolong anti-icing effectiveness.

Use multiple aircraft de-icing or anti-icing units for faster and more uniform treatment
during precipitation.
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11.

12.

10.10  Use FPD fluids that are approved for use by the aircraft manufacturer. Some fluids may
not be compatible with aircraft materials and finishes some may have characteristics that
impair aircraft performance and flight characteristics or cause control surface
instabilities.

10.11 Do not use substances which are approved for use on pneumatic boots (to improve de-
icing performance) for other purposes unless such uses are approved by the aircraft
manufacturer.

PERSONNEL TRAINING

11.1  Establish training programmes to continually update pilots on the hazards of winter
operations, adverse effects of ice accretions on aircraft performance and flight
characteristics, proper use of ice protection equipment, ground de-icing and pre-take-off
inspection procedures following ground de-icing or anti-icing, and operations in
conditions conducive to aircraft icing.

11.2  Establish training programmes for maintenance or other personnel who perform aircraft
de-icing to ensure thorough knowledge of the adverse effects of ice accretion on aircraft
performance and flight characteristics, critical components and specific ground de-icing
and anti-icing procedures for each aircraft type, and the use of ground de-icing and anti-
icing including detection of abnormal operational conditions.

SUGGESTED PRACTICES TO ENSURE THE CLEAN AIRCRAFT CONCEPT

12.1  Be knowledgeable of the adverse effects of surface roughness on aircraft performance
and flight characteristics.

12.2  Beknowledgeable of ground de-icing and anti-icing practices and procedures being used
on your aircraft whether this service is being performed by your own company, a service
organisation, or operator.

12.3 Do not allow de-icing or anti-icing unless you are satisfied with the ground de-icing
practices and quality control procedures of the service organisation.

12.4  Be knowledgeable of critical areas of your aircraft and ensure these areas are properly
de-iced and anti-iced, that proper precautions are being taken during the de-icing process
to avoid damage to aircraft components, and that proper pre-flight inspections are
performed, even though this is also the responsibility of other organisations or
personnel.

12.5  Be knowledgeable of aircraft ice protection system function, capabilities, limitations,
and operation.
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12.6

12.7

12.8

12.9

12.10

12.11

12.12

12.13

12.14

Perform additional pre-flight inspections related to de-icing or anti-icing as may be
required.

Be aware that no one can accurately determine the time of effectiveness of an FPD de-
icing or anti-icing treatment because of the many variables that can influence this time.
Be knowledgeable of the variables that can reduce time of effectiveness and their
general effects.

Ensure that de-icing or the anti-icing treatment is performed at the latest possible time
prior to taxying to the take-off position.

Do not start engines until it has been ascertained that all ice deposits are removed. Ice
particles shed from rotating components such as propellers or rotor blades, under
centrifugal and aerodynamic forces can be lethal.

Be aware that certain operations may produce recirculation of ice crystals, snow or
moisture.

Be aware that operations in close proximity to other aircraft can induce snow, other ice
particles, or moisture to be blown onto critical aircraft components, or allow dry snow
to melt and re-freeze.

Do not take off if snow or slush is observed splashing onto critical areas of the aircraft,
such as wing leading edges, during taxi. It should be remembered that mud and water
splashed, during taxying or take-off, on to a cold soaked airframe may stick and freeze
to the under (lifting) side of the tailplane, especially if it is already dirty.

Always perform pre-take-off inspections just prior to take-off.

Do not take off if positive evidence of a clean aircraft cannot be ascertained.
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APPENDIX - GENERAL INFORMATION RELATING TO GROUND AND FLIGHT
OPERATIONS IN CONDITIONS CONDUCIVE TO AIRCRAFT ICING

1. INTRODUCTION This Appendix provides additional general information necessary for the
overall understanding of hazards following ground de-icing and ground operations in conditions
conducive to aircraft icing. It also includes causes and effects of ice accretions (induced on the
ground or in flight) as well as ground related issues such as: methods of ground de-icing,
capabilities and limitations of freezing point depressant (FPD) ground de-icing fluids, and
discussions of variables that can influence the effectiveness of ground de-icing fluids.

2. CONDITIONS CONDUCIVE TO AIRCRAFT ICING

a)

22

Aircraft on the ground or in flight are susceptible to accumulation of ice accretions
under various atmospheric and operational conditions. Aircraft in flight can encounter
a variety of atmospheric conditions which will individually or in combination produce
ice accretions on various components of the aircraft. These conditions included:-

)

Supercooled Clouds. Clouds containing water droplets (below 0°C) that have
remained in the liquid state. Supercooled water droplets will freeze upon
impact with another object. Water droplets can remain in the liquid state at
ambient temperatures as low as -40°C. The rate of ice accretion on an aircraft
component is dependent upon many factors such as droplet size, cloud liquid
water content, ambient temperature, and component size, shape, and velocity.

Ice Crystal Clouds Clouds existing usually at very cold temperatures where
moisture has frozen to the solid or crystal state.

Mixed Conditions Clouds at ambient temperatures below 0°C containing a
mixture of ice crystals and supercooled water droplets.

Freezing Rain and Drizzle Precipitation existing within clouds or below
clouds at ambient temperatures below 0°C where rain droplets remain in the
supercooled liquid state.

FROZEN PRECIPITATION SUCH AS SNOW, SLEET OR HAIL Aircraft on the
ground, during ground storage or ground operations, are susceptible to many of the
conditions that can be encountered in flight in addition to conditions peculiar to ground
operations. These include:-

a)
b)
c)

d)

Supercooled ground fog and ice clouds.
Operation on ramps, taxiways and runways containing moisture, slush or snow.
Blown snow from snow drifts, other aircraft, or ground support equipment.

Snow blown by ambient winds, other aircraft, or ground support equipment.
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e) Re-circulated snow made airborne by engine, propeller or rotor wash.
Operation of jet engines in reverse thrust, reverse pitch propellers and helicopter
rotor blades are common causes of snow re-circulation.

f) Conditions of high relative humidity that may produce frost accretions on
aircraft surfaces having a temperature at or below the frost point. Frost
accumulations are common during overnight ground storage and after landing
where aircraft surface temperatures remain cold following descent from higher
altitudes. This is a common occurrence on lower wing surfaces in the vicinity
of fuel cells. Frost accretions can also occur on upper wing surfaces in contact
with cold fuel.

3. THE EFFECTS OF ICE, SNOW, AND FROST ACCRETIONS ON AIRCRAFT
PERFORMANCE AND FLIGHT CHARACTERISTICS

3.1

3.2

GENERAL. During flight operations ice will form on leading edges of various
components, within forward-acting air intakes (eg. engine inlets) and frontal areas of
the airframe. During ground storage or operations, ice will form on other portions of
aircraft components such as upper surfaces of wings, fuselages, engine nacelles,
horizontal stabiliser surfaces, and control surfaces. The effects that in-flight or ground
ice accretions will have on aircraft performance and flight characteristics are many,
varied and highly dependent upon aircraft design, ice surface roughness, ice shape, and
areas covered. These effects will generally be reflected in the form of decreased thrust,
decreased lift, increased drag, increased stall speed, trim changes, and altered stall
characteristics and handling qualities. Slight weight increases will also occur, however,
the effect of weight increase (with the exception of heavy snow and freezing rain
deposits) is usually insignificant in comparison to aerodynamic degradation.

AIRCRAFT CERTIFICATION FOR FLIGHT IN ICING CONDITIONS

a) Before an aircraft is certificated to fly in atmospheric conditions conducive to
icing, that capability must be demonstrated to the CAA. This is accomplished
through extensive analyses and flight testing. Ifan aircraft is not so certificated,
it should be not intentionally flown in atmospheric icing conditions. Aircraft
which are certificated for flight in icing conditions are equipped with ice
protection systems to reduce the adverse effect of ice formations, either by
preventing the formation of ice (anti-icing) or by periodically removing ice (de-
icing). Some components of some aircraft certificated for flight in icing
conditions do not require ice protection equipment. Aircraft so certificated have
been demonstrated to be capable of safe flight with ice of certain shapes
adhering to critical areas. Aircraft certificated for flight in icing conditions are
capable of sustained operations in supercooled cloud conditions. Their engines
and engine inlets are capable of operation without serious performance
degradations in supercooled clouds.
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b)

d)

Some aircraft may have limited capability of flight in freezing rain and drizzle,
in mixed conditions of pure ice crystal clouds, however, ice protection systems
are certified only for operation under the supercooled cloud conditions noted
in paragraph 2.a)i) above. Small aircraft are generally less tolerant to freezing
rain conditions than large aircraft.

Aircraft which are certificated for flight in icing conditions are not certified for
take-off or flight with ice formed as a result of ground storage or operations.
Such formations must be removed and the aircraft sustained in a clean
configuration prior to initiation of take off and throughout the take-off roll.

No commercial helicopters are currently fully certificated in the U.K. for flight
in unrestricted icing conditions. A small number of types are approved for
flight in conditions of light or moderated icing, but none of these types may take
off when icing conditions are actually present, or are likely to be encountered
below 500 ft above the take-off surface. Some helicopters are certificated for
flight in falling or blowing snow and may take off in those conditions.

Many aircraft in service today (generally small aeroplanes) have ice protection
equipment installed, but are not certificated for flight in icing conditions.
Aircraft of this type have only been required to demonstrate that the equipment
is non-hazardous for flight in non-icing conditions with the equipment installed.
Aircrews should be aware of these limitations and be cautious because this type
of equipment may not provide safe flight during icing encounters.

Many aircraft in service today (generally large aircraft) are permitted by
Maintenance Manuals to be dispatched for flight with slight amounts of frost
on fuselage surfaces and adhering to fuel tank areas of wing undersurfaces.
Maintenance Manuals of such aircraft specify limits of frost thickness
(generally between 3 and 9 mm) depending upon the aircraft characteristics. It
is emphasised that this practice is based upon operational experience only and
no CAA certification or other test data has verified the accuracy of these limits.
Operational experience as well as research experiments indicated that fuselage
and underwing frost formations do not generally influence aircraft performance
and flight characteristics as severely as leading edge and upper wing frost;
however, some wing designs may be more sensitive to underwing frost than
others.
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33 EFFECTS OF ICE ACCRETIONS

a)

b)

vi)

vii)

viii)

Wind tunnel and flight testing conducted in the past under research,
development, and certification efforts, as well as operational experience, has
shown that ice accretions on various aircraft components can have very
significant and sometimes devastating effects on aircraft equipment operation,
aircraft performance, and flight characteristics. Components of an aircraft
normally affected by ice accretions are highly dependent upon aircraft design;
however, they generally fall into the following categories lifting devices;
stabilising devices; control surfaces; engine inlets; engines; propellers; rotor
blades; anti-torque devices; windscreens and other transparent structures;
cooling air inlets; fuselage sections; antennae; landing gear devices; fuel cap
vents; and fuel tank vents.

The effects of ice accretions on some of these components and the contribution
to degradation of aircraft performance and flight characteristics are itemised in
the following list:-

Slight surface roughness can have significant effects on stall speed, stall
behaviour and power required to achieve or to sustain flight.

Increased surface roughness due to ice accretion, on wing leading and trailing
edges will produce additional drag and further reduce lift. Leading edge surface
roughness is more significant on most aerofoils.

Due to increased stall speed, manoeuvres should be more gentle and airspeed
margin during approach should be increased.

Stall angle-of-attack will decrease and in some aircraft stall will occur prior to
activation of stall warning or stall protection devices.

Stall characteristics will change and, depending upon aircraft desi gn, the nature
of ice accretions can cause either violent stall or a slower progression of stall.
In some aircraft, pitch-up tendencies may be greater and roll-off tendencies can
be exaggerated. ’

Controllability may be reduced requiring more stick deflection for manoeuvres
or stall recovery.

Power available may be reduced due to ice accretions on propellers or jet
engines inlets.

Ice or excessive quantities of FPD fluid have been known to cause control
surface flutter.

6.2-20 © Oxford Aviation Services Limited



ICE AND RAIN PROTECTION CAP 512 LEAFLET 13-6

ix)

X)

X1)

xii)

xiii)

Xiv)

XV)

Xvi)

Xvii)

XVviii)

Xix)

XX)

Trim effectiveness can deteriorate with the accumulation of ice on unprotected
surfaces.

Power failures may occur due to intake duct icing, carburettor icing, ingestion
of ice particles into jet engines or clogging of fuel tank vents and fuel caps.

Severe vibrations may occur due to asymmetric shedding of ice from propellers
orrotor blades. Helicopter autorotation capability can be significantly changed
or lost.

Control surfaces such as ailerons, elevators, and wing spoilers can freeze in
place if water deposits, snow, and FPD fluids are not properly cleaned or
drained from critical areas.

Movement of flying and trim control cables, rods or jacks can be impaired by
freezing moisture in un-pressurised areas, making control surfaces immovable.
Attention to sealing and the use of anti-freeze lubricants can ensure protection.

Wing flaps may be damaged if retracted with ice accretions adhering to critical
areas.

Landing gear mechanisms may be damaged or frozen in place if not properly
cleared of ice accretions.

Forward visibility may be lost or significantly reduced if windscreen anti-icing
systems are not available or are not properly utilised.

Radio, radar, and other communication and navigation antennaec may be
damaged or efficiency reduced due to ice accretions.

Ventilation, air conditioning, and other air inlets can be blocked or flow
restricted.

Ice dislodged from fuselage or wing sections, antennae and other components
forward of engine inlets and other critical components can produce damage.
Ice accretions, under certain conditions, may not have noticeable effects on
aircraft performance and flight characteristics, however, these effects may
become quite apparent in the event of engine failure or other emergencies.

Flight, engine, and other instruments are subject to error if ice accretions exist
on external probes, in pressure lines, or on areas forward or adjacent to external
probes. Operational experience indicates that typical sources of error are icing
of pitot-static probes used for airspeed, altitude and engine pressure ratio
measurements.

6.2 -21 © Oxford Aviation Services Limited



ICE AND RAIN PROTECTION CAP 512 LEAFLET 13-6

xxi)  Automatic systems that utilise signal sources from external sensors such as
Automatic Flight Control Systems, autothrottle speed command systems, or
stability augmentation systems may be adversely affected by ice accretions on
or in the vicinity of the sensors.

xxii)  Residual moisture on door and cargo hatch seals may freeze under certain
conditions causing leaks or seal damage, and the inability to open doors in an
emergency.

4. METHODS OF DE-ICING OR CLEARING ICE FROM AIRCRAFT SURFACES

4.1

4.2

43

Ground de-icing procedures have been under development, practically speaking, since
the time of the invention of the aircraft. Early methods employed the use of hangars to
avoid exposure to the elements or use of wing covers and covers for other critical
components such as windscreens, engine air intakes, pitot probes, etc. But these devices
were useful only to lessen the extent of work required to remove frost, snow or other ice
accretions from the aircraft. Various devices such as brooms, brushes, ropes squeegees,
fire hoses, or other devices were used to remove dry snow accumulations but caution had
to be exercised to preclude damage to aircraft skins and other critical components.
Common sense prevailed. Many of these manual methods are still used today for both
small and large aircraft. As larger aircraft were introduced and the numbers of air carrier
fleets and scheduled flights increased, more expeditious and less costly procedures were
developed. Thus, FPD fluids were introduced to prevent or retard the formation of frost
during overnight storage, to assist in melting and removal of frost, snow, or other ice
accretions such as would develop as a result of freezing rain or drizzle or for assisting
in the removal of ice or frost formations accumulated during a previous flight.

Various methods of applying FPD fluids were utilised, such as mopping the fluid on the
surface requiring treatment from a bucket, use of hand pumps attached to a supply tank
and spreading the solution with a mop, brush or other suitable devices to, in time, melt
the ice to the extent that is could be removed by using manual means.

These manual methods of de-icing provided a capability, in clear weather, to clean an
aircraft adequately to allow a safe take-off and flight. In inclement cold weather
conditions, however, the only alternative was to place the aircraft in a protected area
such as a hangar to perform the cleaning process by whatever means were available. In
freezing precipitation conditions, take-off had to initiated almost immediately following
removal from the protected area. A common practice developed was to clean the aircraft
in the hangar and provide a protective coating of anti-icing fluid to protect the aircraft
from ice or snow accumulation prior to take-off.
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4.4

4.5

Many of these techniques remain in use today, depending upon the local facilities and
services that exist. However, most modern airports have traffic conditions and
limitations of hangar space that, for the most part, preclude indoor ground de-icing.
These airports usually have one or more operators who have the equipment, capability,
and experience to clean the aircraft and provide brief protection to allow safe take-off
to be performed. Many airlines have prepositioned ground de-icing equipment for ramp
de-icing at major airports where icing conditions are prevalent in the United States,
Canada and European countries. Several manufacturers of various types of aircraft
ground de-icing equipment exist today to meet the ground support equipment demands
of the aviation community. These ground support equipments vary in types from simple
trailers hauling a 55 gallon drum of FPD fluid with a wobble pump and mop, to exotic
equipment capable of heating and dispensing large quantities of water and de-icing fluid
and capable of elevating de-icing personnel to heights necessary to have access to any
area of the largest of today's aircraft. This technology exists and it is believed that any
demand for aircraft ground de-icing can be readily met by the ground support equipment
industry.

Although modern and sophisticated ground support equipment exists, cost
considerations sometimes dictate combination of ice removal methods. For example,
heavy accumulations of snow may be more cost effectively removed using brooms,
brushes, ropes, fire hoses, and other techniques followed by final cleaning with aqueous
solutions of FPD fluid. Again, common sense, experience and planning prevail to make
the aircraft ground de-icing process a cost effect and safe operation. With the rising cost
of petroleum products, the primary base of most commonly used aircraft de-icing fluids,
the expense of FPD fluid de-icing has become a very significant parameter in the final
decision process. An answer to this problem has been developed in recent years
employing use of very hot water (see paragraph 4.2 (¢) of para 1). Some manufacturers
of such equipment have conducted extensive testing and evaluation to develop and
perfect the procedures, precautions and recommended aqueous FPD fluid mixtures
necessary for cost-effective, but safe, de-icing. However, an understanding of the
equipment, the characteristics, and limitations regarding use of FPD fluids is essential
to ensure safe winter operations.
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GROUND DE-ICING OF AIRCRAFT: RECOMMENDATIONS FOR HOLDOVER TIMES

1.

Introduction

CAP 512 provides general information on the ground de-icing of aircraft. However, the recommended holdover times associated with ground de-icing fluids that it
contains have recently been revised. This Circular, which should be read in conjunction with CAP 512, contains additional information together with the revised
recommended holdover times. The information given in the Tables originates from the Association of European Airline (AEA) Recommendations for De-icing/Anti-
icing of Aircraft on the Ground (Eleventh Edition October 1997).

1.1

2.1

3.1

3.2

33

34

3.5

This Aeronautical Information Circular has been produces to:

(A) Advise Operators of revised holdover times for Type I and Type II fluids;
b) Introduce holdover times for Type IV fluids;
c) Provide additional definitions, notes and precautions.

This Circular replaces text published in Notices to AOC Holders 3/95.
Sources of Further Guidance Material
It should be noted that there are three other sources of guidance material associated with de-icing, over and above the information published by aircraft

manufactures and manufacturers of de-icing fluids. Aircraft manufacturers normally published de-icing techniques in Chapter 12 of Aircraft Maintenance
Manuals.

A) The Association of European Airlines (AEA) publish ‘Recommendations for De-icing/Anti-Icing of Aircraft on the Ground’. This document
is published annually, and 1997 has seen the publication of the eleventh edition.

B) SAE International publish report number SAE ARP 4737 *Aircraft De-icing/Anti-icing Methods with Fluids’. The current edition is at Revision
A dated 1996.

C) ICAO Doc.9640-AN/940 ‘Manual of Aircraft Ground De-icing/Anti-icing Operations’.

The addresses of these organisations are as follows:

I Association of European Airlines iii) Westward Digital Ltd.
B-1050 Brussels 37 Windsor Street
Tel: +32 2 627 0600 Cheltenham
Fax +32 2 648 4017 Glos GL52 2DG
Tel: 01242 283100
i) SAE
400 Commonwealth Drive
Warrendale
PA 15096-0001
USA
Information

Holdover protection is achieved by a layer of anti-icing fluid remaining on and protecting aircraft surfaces for a period of time. With a one-step de-
icing/anti-icing procedure, the holdover time begins at the commencement of de-icing/anti-icing. With a two-step procedure, the holdover time begins
atthe commencement of the second (anti-icing) step. Should frozen deposits form/accumulated on an aircraft surface, the holdover time will have, ineffect,
run out.

It would appear that a number of de-icing fluids have a two year shelf life. The shelf life expiry dates are not marked on containers of fluids, but may be
found on the delivery notes, which also record the batch numbers of each delivery. Note also that bulk deliveries may also have a shelf life.

Operators are required to implement a Quality Audit Programme to satisfy themselves that the service provided by contracted organisations to anti-ice
aircraft is acceptable. The same applies for operators who have their own de-ice/anti-ice services. The AEA booklet contains an example audit checklist.

If de-icing is complete off stand, it may not always be practical to complete the Technical Log to include the de-icing activity. When de-icing is carried
out after the Technical Log has been completed, and the tear out copy has been removed, the operator would be expected to have a procedure to advise
the operating crew of the details of the de-icing activity and how they will be recorded. It should be noted that some aircraft types will still require a

physical inspection upon completion of de-icing.

It is the operators’ responsibility to ensure that de-icing/ anti-icing fluids used are acceptable to the aircraft manufacturer.
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4.1

Aircraft De-icing/Anti-icing Fluids

There are currently three main types of de-icing/anti-icing fluids:

a)

B)

C)

ISO Type I Fluid (Unthickened) (SAE AMS 1424A)

This fluid has a high glycol content and low viscosity in its concentrated form. De-icing performance of the fluid is good. However, due to
low viscosity, it provides only limited anti-icing protection during freezing precipitation. It is used predominantly for removing frozen deposits
from aircraft surfaces, either as the first step in a two-step operation or where precipitation has stopped. With this type of fluid no additional
protection is provided by increasing the concentration of the fluid in the fluid/water mix. Type I fluids are usually clear.

ISO Type I Fluid (Thickened) (SAE AMS 1428A)

This fluid generally has a lower glycol content in its concentrate form than Type I fluid due to the inclusion of a pseudo plastic thickening agent.
This effectively means that when applied to the surface of an aircraft the viscosity is high, tush allowing the fluid t remain on and protect against
freezing precipitation for a period off time. However, the increasing effect of the airflow over the wing during he take-off roll will effectively
shear the fluid, reducing its viscosity and allowing it to readily flow off the critical surfaces. With this type of fluid the holdover time can be
extend y increasing the concentration of fluid in the fluid/water mix. Type Il fluids are usually straw coloured.

ISO Type IV Fluid (Thickened) (SAE AMS 1428A)

This fluid is similar in both composition and operation to Type I fluids. However, through the use of advanced thickening systems it is able
to provide more holdover time than Type II fluids, when used in concentrated form. As with Type II fluids the holdover time can be extended

by increasing the concentration of fluid in the fluid/water mix. Type IV fluids ae usually coloured green.

Definitions
De-icing

Anti-icing

De-icing/Anti-icing

One-Step De-icing/
Anti-icing

Two-Step De-Icing/
Anti-icing

Holdover Time

Freezing Conditions

Frost/Hoar Frost

Freezing Fog

Snow

Freezing Drizzle

Light Freezing Rain

Rain or High Humidity
(On Cold Soaked Wing)

Sleet
Slush

Check

A procedure by which frost, ice, slush and snow is removed from an aircraft in order to provide uncontaminated surfaces.

A precautionary procedure that provides protection against the formation of frost or ice and accumulations of snow on
treated surfaces of the aircraft for a limited period of time (holdover time).

A combination of the two procedures described above and may be performed in either one or two steps.

De-icing and anti-icing are carried out at the same time using ad de-icing/anti-icing fluid to both remove frozen
deposits and to protect the de-iced surfaces for a limited period of time.

De-icing and anti-icing are carried out in two separate steps, the first step, de-icing, being immediately followed by
the second step, anti-icing.

Estimated time for which an anti-icing fluid will prevent the formation of frost or ice and the accumulation of snow on
the protected surfaces of an aircraft, under all weather conditions.

Conditions in which the outside air temperature is below +3 °C (37.4°F) and visible moisture in any form (such as fog
with visibility below 1.5km, rain, snow, sleet or ice crystals) or standing water, slush, ice or snow is present on t'

runway.

Ice crystals that form from ice saturated air at temperatures below 0°C (32°F) by direct sublimation on the grounu o1
other exposed objects.

A suspension of numerous minute water droplets which freezes upon impact with ground or other exposed objects,
generally reducing the horizontal visibility at the earth’s surface to less than 1 km (5/8 mile).

Precipitation of ice crystals, most of which are branched, star-shaped or mixed with unbranched crystals. At
temperatures higher than -5°C (23 °F), the crystals are generally agglomerated into snowflakes.

Fairly uniform precipitation composed exclusively of fine drops (diameter less than 0.5 mm (0.2 in)) very close together
which freezes upon impact with the ground or other exposed objects.

Precipitation of liquid water particles which freeze upon impact with exposed surfaces and objects. Precipitation consists
of drops, greater than 0.5 mm (0.02 in) diameter. Measured Intensity o liquid water particles are up to 0.10 In/hr (2.5

mm or 5 gma/dm2/hr) with a maximum of 0.10 inches in 6 minutes.

Water forming ice or frost on the wing surface, when the
temperature of the aircraft wing surface is at or below 0°C (32°F).

Precipitation in the form of a mixture of rain and snow. For operation in light sleet treat as light freezing rain.
Snow or ice that has been reduced to a soft watery mix by rain, warm temperatures and/or chemical treatment.

An examination of an item against the relevant standard by a trained and qualified person.
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6. Fluid Limitations
6.1 ISO Type I Fluids
(A) The freezing point of the ISO Type I fluid used for either on-step de-icing/anti-icing or as the second step in a two-step operation shall be at least 10°C
below he ambient temperature.
(B) The freezing point of the ISO Type I fluid mixture used for the first step in a two step operation shall not be more than 3°C above the ambient temperature.
6.2 ISO Type 11 and Type IV Fluids
(A) Approved concentrations of ISO type Il and Type IV fluids, used either fr one-step de-icing/anti-icing or as the second step in a two-step operation, are
listed below, together with details of the lowest temperatures at which the various concentrations may be applied to aircraft surfaces:
Mixture Strength Lower Temperature Limit
(fluid/water) for Application (OAT)
50/50 -3°C
75/25 -14°C
100/0 -25°C
B) Approved concentrations of ISO Type I and Type IV fluids, used for the first step in a two-step operation, are listed below, together with details of the

lowest temperatures at which the various concentrations may be applied to aircraft surfaces:

Mixture Strength Lower Temperature Limit
(fluid/water) for Application (OAT)
0/100 (hot water no glycol) -3°C

25/75 -6°C

50/50 -13°C

75/25 -23°C

Upper wing skin temperatures may, under certain circumstances, be lower than the OAT. When this is suspected, e.g. when large quantities of ‘cold’ fuel remain from
the previous sector, consideration should be given to selecting a stronger mix than would be required by the existing OAT. This will ensure that an adequate buffer
is maintained between the freezing point of the fluid used and the temperature of the upper wing surface.

7. Holdover Times
7.1 The holdover times published in Tables 1,2 and 3 of this Circular include notes and cautions which must be read in accordance with the tables.
TABLE 1
Guideline for Holdover Times for ISO Type I Fluid Mixtures
as a Function of Weather Conditions and OAT
OAT APPROXIMATE HOLDOVER TIMES UNDER VARIOUS WEATHER CONDITIONS
(hours: minutes)
°C °F °Frost Freezing Snow °°Freezing Light Rain or Cold
Fog Drizzle Freezing Rain Soaked Wing
above 0 above 32 0:45 0:12-0:30 0:06-0:15 0:05-0:06 0:02-0:05 0:02-0:05
0to-10 32to 14 0:45 0:06-0:15 0:06-0:15 0:05-0:06 0:02-0:05
below -10 below 14 0:45 0:06-0:15 0:06-0:15
°C Degrees Celsius OAT Outside Air Temperature
°F Degrees Fahrenheit

oo

During conditions that apply to aircraft protection for active frost.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

ISO Type I Fluid/Water Mixture is selected so that the Freezing Point of he mixture is at least 10°C (18°F) below actual OAT.

Caution: The time of protection will be shortened in heavy weather conditions. Heavy precipitation rates or high moisture content, high wind velocity or jet blast may
reduce holdover time below the lowest time stated in the range. Holdover time may also be reduced when the aircraft skin temperature is lower than OAT. Therefore,
the indicated times should be used only in conjunction with a pre-take off check.

ISO Type I fluids used during ground de-icing/anti-icing are not intended for and do not provide ice protection during flight.
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TABLE 2
Guideline for Holdover Times for ISO Type II Fluid Mixtures
as a Function of Weather Conditions and OAT

OAT ISO Type Il Fluid APPROXIMATE HOLDOVER TIMES UNDER VARIOUS WEATHER CONDITIONS
Concentration (hours: minutes)
Neat-
°C °F Fluid/Water °Frost Freezing Snow °°Freezing Light Rain or Cold
(Vol%/Vol%) Fog Drizzle Freezing Rain | Soaked Wing
above above 32 100/0 12:00 1:15-3:00 0:20-1:00 0:30-1:00 0:15-0:30 0:10-0:40
0 75/25 6:00 0:50-2:00 0:15-0:40 0:20-0:45 0:10-0:25 0:05-0:25
50/50 4:00 0:20-0:45 0:05-0:15 0:10-0:20 0:05-0:10
0to-3 32t027 100/0 8:00 0:35-1:30 0:20-0:45 0:30-1:00 0:15-0:30
75/25 5:00 0:25-1:00 0:15-0:30 0:20-0:45 0:10-0:25
50/50 3:00 0:15-0:45 0:05-0:15 0:10-0:20 0:05-0:10
below -3 to -14 below 27 to 7 100/0 8:00 0:35-1:30 0:15-0:40 0:30-1:00 0:10-0:30
75125 5:00 0:25-1:00 0:15-0:30 0:20-0:45 0:10-0:25
below -14 to -25 | below 7 to-13 100/0 8:00 0:20-1:30 0:15-0:30
below -25 below -13 100/0 ISO Type II Fluid may be used below -25°C (-13 °F) provided that the freezing point of the fluid is at
least 7°C (13 °F) below the actual OAT and the aerodynamic acceptance criteria are met. Consider use
of ISO Type I when ISO Type II fluid cannot be used. (See Table 1)
°C Degrees Celsius OAT Outside Air Temperature
°F Degrees Fahrenheit Vol Volume

o

During conditions that apply to aircraft protection for active frost.

The lowest use temperature is limited to -10°C (14°F).

Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

Caution: The time of protection will be shortened in heavy weather conditions. Heavy precipitation rates or high moisture content, high wind velocity or jet blast may
reduce holdover time below the lowest time stated in the range. Holdover time may also be reduced when the aircraft skin temperature is lower than OAT. Therefore,
the indicated times should be used only in conjunction with a pre-take off check.

ISO Type II fluids used during ground de-icing/anti-icing are not intended for and do not provide ice protection during flight.

oo

ooo

TABLE 3
Guideline for Holdover Times for ISO Type IV Fluid Mixtures
as a Function of Weather Conditions and OAT

OAT ISO Type IV Fluid APPROXIMATE HOLDOVER TIMES UNDER VARIOUS WEATHER CONDITIONS
Concentration (hours: minutes)
°C °F Nei;_ llz/hjl\(;/\lgater °Frost Freezing Snow °°Freezing Light Rain or Cold
(Vol%/Vol%) Fog Drizzle Freezing Rain Soaked Wing
above above 100/0 18:00 2:20-3:00 0:45-1:25 0:40-1:00 0:35-0:55 0:10-0:50
0 32 75/25 6:00 1:05-2:00 0:20-0:40 0:30-1:00 0:15-:0:30 0:05-0:35
50/50 4:00 0:20-0:45 0:05-0:20 0:10-0:20 0:05-0:10

0to-3 32 to 27 100/0 12:00 2:20-3:00 0:35-1:00 0:40-1:00 0:35-0:55
75/25 5:00 1:05-2:00 0:20-0:35 0:30-1:00 0:15-0:30

50/50 3:00 0:20-0:45 0:05-0:15 0:10-0:20 0:05-0:10

below -3 to-14 | below 27 to 7 100/0 12:00 0:40-3:00 * 0:20-0:40 0:30-1:00 0:30-0:45

75/25 5:00 0:35-2:00 0:15-0:30 0:30-1:00 0:15-0:30
below -14 to -25 | below 7 to -13 100/0 12:00 0:20-2:00 0:15-0:30
below -25 below -13 100/0 ISO Type IV Fluid may be used below -25°C (-13°F) provided that the freezing point of the fluid is at

least 7°C (13°F) below the actual OAT and the aerodynamic acceptance criteria are met. Consider use
of ISO Type I when ISO Type IV fluid cannot be used. (See Table 1)

°C Degrees Celsius OAT Outside Air Temperature

°F Degrees Fahrenheit Vol Volume

° During conditions that apply to aircraft protection for active frost.

The lowest use temperature is limited to -10°C (14°F).

Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

Caution: The time of protection will be shortened in heavy weather conditions. Heavy precipitation rates or high moisture content, high wind velocity or jet blast may
reduce holdover time below the lowest time stated in the range. Holdover time may also be reduced when the aircraft skin temperature is lower than OAT. Therefore,
the indicated times should be used only in conjunction with a pre-take off check.

ISO Type IV fluids used during ground de-icing/anti-icing are not intended for and do not provide ice protection during flight.

oo

coo
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ICE AND RAIN PROTECTION CAP 512 LEAFLET 13-6

Paper 1.

1.

The electrical supply to the propeller blades for de-icing purposes:

a) is controlled to give an intermittent supply.

b) must be taken directly from the APU generator.
c) must only be selected on for short periods.

d) is continuous to all blades.

Propeller blade heating elements are:

a) fitted only to the thin outer sections where maximum ice accretion occurs.

b) fitted only to the thick inner section where minimum ice accretion occurs.

c) usually fitted to the thick section but sometimes a second element is fitted to a mid
section.

d) fitted to the complete leading edge.

When an aircraft is de-iced prior to departure, if the temperature is 0°C in precipitation, which
type of fluid and application method will provide the longest holdover period:

a) Type I fluid @ 100% cold spray application.

b) Type I fluid diluted to 50% hot spray application.
c) Type I fluid diluted to 50% hot spray application.
d) Type 1I fluid @ 100% cold spray application.

The effect of frost on an aircraft:

a) is to cause an increase in boundary layer energy and so delay the onset of the stall.

b) can be generally ignored.

c) has no significant effect on the aerodynamic contour or C; max.

d) is to cause an increase in the surface roughness which in turn increases skin friction and

reduces the kinetic energy of the boundary layer.
In flight airframe icing does not occur:
a) above 25 000 feet.
b) above 40 000 feet.

c) above 35 000 feet.
d) above 30 000 feet.
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ICE AND RAIN PROTECTION CAP 512 LEAFLET 13-6

6.

10.

The methods used to provide de-icing in flight can be:

a) mechanical or pneumatic or fluid.

b) pneumatic or thermal or fluid.

c) electrically heated or air heated or oil heated.
d) centrifugally forced or ram air heated.

Ice detectors are used primarily to warn the crew:

a) that they are approaching airframe icing conditions.

b) that they are approaching engine icing conditions.

c) that engine icing conditions now warrant the initiation of the engine system.
d) that airframe icing conditions exist.

Fluid is delivered to a propeller by:

a) a centrifugal slipper ring and pipes.

b) integral passages within the propeller dome.
c) a small reservoir contained within the spinner.
d) a slinger ring and pipes.

If an aircraft is to be de-iced prior to departure:

a) the aircraft can be de-iced with the engines running.

b) the aircraft can be de-iced with the APU running.

c) the aircraft can be de-iced with the APU running and the bleed air off.
d) neither the APU or main engines can be running during the procedure.

With a gas turbine engine, should engine anti-icing be selected "ON":

a) whenever the igniters are on.

b) whenever the IOAT is +10°C or below and the air contains visible moisture.
c) whenever the TOAT is +10°C or below and it is raining.

d) whenever the ice detector system warning light comes on.
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ICE AND RAIN PROTECTION CAP 512 LEAFLET 13-6

PAPER 2
1. In a pneumatic de-icing system:
a) the boots remain inflated while the system operates.
b) the boots are inflated and deflated repeatedly.
c) vacuum inflates the boots and pressure deflates them repeatedly.
d) when the boots are fully inflated the pressure is released and they collapse due to their
elasticity.
2. When the pneumatic de-icer system is switched off:
a) the relief valves admit ram air to the boots.
b) a small flow of hot air continuously flows through the boots.
c) the dynamic pressure on the leading edge ensures that the boots lie flat.
d) vacuum deflates the boots to minimise drag.
3. Propeller electrical de-icing systems:
a) use only continuous loads to the elements.
b) use a cyclic timer.
c) convert electrical energy to mechanical energy.
d) transfer power to the elements via a commutator in DC systems.
4, To prevent propeller elements overheating:
a) use only when all other services are switched off.
b) carry out a load check before starting engines.
c) use only when the propellers are rotating.
d) use only when in flight.
3. A thermal wing de-icing system:
a) feeds hot air along the complete upper wing surface.
b) feeds the engine exhaust through the leading edge ducts only.
c) can use air taken from the engine compressor.
d) relies on heat generated by the kinetic heating effect of the airflow.
6. Pilots cockpit windows are heated:
a) only to prevent condensation occurring.
b) by agitating the window molecules with an AC current.
c) with a reflective inner coating that prevents fogging.
d) by passing current across an inner conductive electrical coating.
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7.

10.

For maximum strength against impact damage pilots windows are:

a)
b)
c)
d)

normally kept to a minimum size.

specially treated during construction.

heated internally to increase their elasticity.

only heated when the IOAT falls below 0°C in precipitation.

Pilots cockpit windows are:

a)
b)
c)
d)

only heated by air from the de-misting fan.

constructed by heat treating the outer surface to reduce glare.

made of sandwich construction with an electrical conductive coating.
made of polarised glass.

If an aircraft is to be de-iced prior to departure:

a)
b)
c)
d)

the aircraft can be de-iced with engines running.

the aircraft can be de-iced with the APU running,.

the aircraft can be de-iced with APU running and bleed air selected off.
neither APU or engines can be running.

An aircraft is to be de-iced and then enter the line up for departure. Which de-ice fluid will have
the best holdover time at 0°C with precipitation:

a)
b)
c)
d)

type I fluid at 100% cold spray.

a 50%/50% solution of type II fluid hot spray.
a 50%/50% solution of type I fluid hot spray.
type 11 fluid at 100% cold spray.
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EMERGENCY EQUIPMENT SAFETY EQUIPMENT

1.1

1.2

1.3

INTRODUCTION

The provision, fitting, marking and use of safety equipment is governed by many requirements
and regulations listed in JAR’s. These notes have the general aim of giving an overall view of
the positioning and use of this variety of emergency/safety equipment. The notes and diagrams
in this publication may be type specific of various aircraft. However, reference should always
be made to the specific Flight/Operations Manual.

The Emergency/Safety equipment described in this section is laid out in the order it may be used
during an envisaged ditching/crash landing situation.

All equipment must be readily accessible for emergency use. The location of the equipment
must be obvious, directly accessible and protected from inadvertent damage.

PUBLIC ADDRESS

When required at least one microphone to be available for use by the Flight Attendant (Cabin
Staff) at each floor level exit in the passenger compartment. It is ususal for all Flight Crew
members to be able to use the public address either through a hand microphone or their normal
headset communications.

EMERGENCY LIGHTING

An emergency lighting system independent of the main lighting system must be installed. The
system must include:

a) Illuminated emergency exit marking and location signs, sources of general cabin
illumination, internal lighting in emergency exit areas and floor proximity escape path
marking.

b) External Emergency lighting.

c) Exit signs must have red letters on a white electrically or self illuminated background.
General illumination must be provided along the centre line of the main passage aisles
to the emergency exits.

d) Floor proximity emergency escape path illumination must be provided when other

means of illumination are more then 4 feet above the cabin aisle floor to enable
passengers to leave their seats, visually identify escape routes and exits.
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1.4

The design of the system must be such that it is:

a) Operable from the flight station or passenger compartment.
b) Capable of providing the crew with a warning light if not armed.
c) The crew compartment must have a three position switch marked ON-OFF-ARMED and

a means must be provided to prevent inadvertent operation (guarded). The cabin staff
will also have a means of control but this switch will have ON and OFF only.

d) Capable of providing illumination to the areas on the wing and ground where an evacuee
is likely to make his first step or contact.

e) The capacity of the emergency batteries must be such that they are capable of providing
emergency lighting for a period of at least 10 minutes.

EMERGENCY EXIT LIGHTS - in a typical installation.

Clearly marked exit lights are located throughout the passenger cabin to indicate the approved
emergency routes. All of the lights are powered by individual nicad batteries with a charging,
monitoring and voltage regulator circuit.

The system is controlled by a switch on the over head panel. The switch has three positions,
OFF, ARMED and ON and is guarded to the ARMED position. With the switch in the ARMED
position the emergency exit lights will normally be extinguished. If electrical power to 28 volt
DC bus No.1 fails or if AC power has been turned off, the emergency lights will illuminate
automatically.

The emergency exit lights may also be illuminated by a switch on the attendant’s panel. The
switch has two positions, NORMAL and ON and is guarded to the NORMAL position.

With the switch in the NORMAL position the lights are controlled from the cockpit. With the
switch in the ON position the cabin attendant may override the cockpit controls and illuminate
all the emergency lights. Control from this panel is available in the event of the failure of the
automatic control.

7.1-2 © Oxford Aviation Services Limited



EMERGENCY EQUIPMENT SAFETY EQUIPMENT

EMERGENCY EXIT LIGHTS SWITCH

EMERGENCY EXIT LIGHTS
NOT ARMED LIGHT

Figure 1.1 Flight Deck Emergency
Lights Switch

PASSENGER CABIN
EMERGENCY EXIT LIGHTS SWITCH

Figure 1.2 Cabin Crew Emergency Light
Switch
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Figure 1.3 Emergency Lights Installation
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EMERGENCY,
DOOR LIGHT

EMERGENCY CROSS
AISLE LIGHT
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. EMERGENCY
AISLE LIGHTS

EMERGENCY ESCAPE
? PATH LIGHTS
‘ (GREEN)

Figure 1.4 Emergency Lights in Cabin

Interior emergency exit lights are located:

a)

b)

In the bullnose of the stowage bins to illuminate the aisle.

Over the entry/service and overwing emergency hatches to indicate the door and hatch
exits.

In the ceiling to locate the exits and provide general illumination in the area of the exits.
Self-illuminating exit locator signs are installed at the forward, the middle and the aft
end of the passenger cabin.

Floor proximity emergency escape path lighting consists of locator lights spaced at
approximately 40 inch intervals down the aisles. Lighted arrows point to overwing exits and a
lighted “EXIT” indicator is near the floor by each door and overwing exit. Escape path markings
are provided for visual guidance for emergency cabin evacuation when all sources of cabin
lighting more than four feet above the aisle floor ate totally obscured by smoke.

Exterior emergency lights illuminate the escape slides. The fuselage installed escape slide lights
are adjacent to the forward and aft service entry doors. Two lights are also installed on the
fuselage to illuminate the overwing escape routes and ground contact area.

NOTE: Whenever these switches are ON the Emergency Exit Lights are being powered by their
own individual Nicad batteries and last approximately 20 minutes, in this particular installation.
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1.5

1.6

MEGAPHONES

These are located at strategic points in the cabin e.g. front and rear, upper and lower decks and
are for use by the cabin staff. Their purpose is for passenger information in the event of normal
aircraft power failure i.e. nil Public Address system available. They are battery powered and
must be checked prior to flight. This is carried out by pressing the transmit switch and listening
for an audible “click” or the illumination of a green neon light on the megaphone body.

Megaphones are fitted as per scale below for each passenger deck :-

Passenger seats available Number of megaphones
61-99 1
100 or more 2

Figure 1.5 Megaphone

Figure 1.6 Emergency
Torch

TORCHES

Itis alegal requirement that torches are carried on public transport aircraft. These are positioned
at each crew station including the flight deck and adjacent to each floor level exit which is
intended for normal or emergency disembarkation.

Torches are affixed by each intended exit by a velcro strap and are not able to be re-charged from

the aircraft electrical supply. Indication of serviceability is by a flashing red neon light situated
on the body of the torch.
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1.7

1.8

EMERGENCY EXIT DESCENT DEVICES

Varying equipment must be provided with the evacuation process. These could include any of
the following:- A simple rope, a slide, an inertial reel or a tape. It is possible to find fully
inflatable escape slides which are rigid and double as slide rafts, apron slides which need human
effort to keep them taut, this would be provided by the first two escapees, who would probably
descended down a rope or by using the slide as a rope.

Crew escape methods still include simple rope systems and extend to Inertial reel systems on
some larger aircraft when the crew member has to hang onto a handle and slide over the side
when they will be lowered at a controlled rate to the ground providing of course that they are
capable of hanging onto the handle!

An inflatable slide may double for use as a life raft. Such slides are usually stored inside the
door and as such have to be engaged (set to ENGAGE) for emergency deployment/door
operation, or selected to disengaged (DETACH) for normal door operation. Instructions for
setting the door controls are often issued by the flight crew over the Public Address System.
Flotation equipment requirements are promulgated in the JAR OPS 1. Briefly if the aircraft will
be operating more than 120 minutes flight time or 400 miles from land then rafts and jackets are
required to be carried. ( See JAR sub-part K 1.830) If the aircraft takes off or lands over water
then life jackets would need to be carried on that account.

OVERWING ESCAPE HATCHES

Escape hatches are located in the passenger cabin over the wings. These are plug-type hatches
and are held in place by mechanical locks and aeroplane cabin pressure. The hatches can be
opened from the inside or from the outside of an aeroplane by a spring-loaded handle at the top
of the hatch. A seat-back blocking an exit may be pushed forward by applying force to the top
of the seat-back. For safety reasons, hatches should not be removed in flight.

On some aircraft, hatch removal illuminates the overwing emergency exit lights on the same
side, provided the cockpit emergency Exit Light Switch is in the ARMED position.

Warning Do notremove hatches in flight preparation for passenger evacuation. For emergency
evacuation on the ground or in water, remove hatch and place so as not to obstruct egress. The
hatch may be thrown out onto the wing, placed on the seat armrests, or placed in any other
suitable location as indicated by the conditions at the time of aeroplane evacuation.
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1.9

1.10

OVERWING ESCAPE STRAPS

Escape straps are installed above each emergency escape hatch frame. The overwing escape
hatches must be removed to expose the straps. One end of the strap is attached to the hatch
frame. The remainder of the strap is stowed in a tube extending into the cabin ceiling.

The escape strap can be used as a hand hold in a ditching emergency for passengers to walk out
on to the wing and step into a life raft.

CUT IN AREAS

In the event that the nominated emergency exits are blocked or are unable to be opened, a
supplementary escape route, which can be broken from outside the aircraft, must be available.
These will take the form of Cut In Areas and are mandatory on public transport aircraft over
3600 kgs a.u.w. They are rectangular in shape, marked by right angled corners and red or yellow
in colour and outlined in white if a contrast is required. Cut In Areas are not weak points on the
fuselage structure, but areas under which no control runs, electrical looms or multi stringers
exist.

000000000 1000 | g

Courtesy of the Boeing Company

Figure 1.7
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HANDHOLD

Figure 1.8’. Overwing Escape Hatch

ESCAPE HATCH
SHOWN DEPLOYED

EXTERIOR LATCH

DESCENT DEVICES

R

Figure 1.9 Crew Wide Bodied Escape Device
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COCKPIT

SCAPE

i

OVERWING
LIFELINE

OVERWING
LIFELINE

Figure 1.10 Overwing Lifeline
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Figure 1.11 Cut in Area

ASSIST HANDLE

INSTRUCTION
PLACARD

i o
- A

SLIDE PRESSURE
GAUGE VIEWER

LIDE CONTAINER

Figure 1.12 Manual Door/Semi-automatic slide
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EXTERNAL
SWITCH

>\

EXTERNAL
HANDLE

Figure 1.13 Electrically Operated Door/Automatic Slide

GIRT BAR

Figure 1.14 Escape Slide
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1.11

DOORS / EMERGENCY EXITS

Aircraft doors, depending on the size of the aircraft, may be electrically or manually operated.
In the case of the former there must be a manual override system in the event of electrical failure
e.g. crash/ditching. Apart from the obvious purpose of entry to an aircraft, doors may act as
emergency exits. However, if this is the case they must be outlined externally by a S5cm band
in a contrasting colour. This requirement applies to any opening designated as an emergency
exit. There are many requirements laid down in respect of doors the main ones are listed below:

a)

b)

g)

h)

)

k)

If alockable door is fitted to the flight crew compartment, then suitable emergency exits
must be provided so that neither passengers or crew members need to use the door in
order to reach their designated emergency exits.

There must be a means to lock and safeguard each door against opening in flight. Each
door must be operable from both inside and outside.

The means of operation must be simple and obvious and so arranged that it can be
located and operated in darkness.

All doors must be fitted with warning lights in order to alert the crew when it is not fully
closed and locked.

Interlocks may be fitted between the door locks and the aircraft’s pressurisation system.

If the aircraft capacity is over 20 seats then there must be one exit and one top hatch in
the flight crew area.

Emergency exits located at points other than above the wing more then 1.83 mtrs above
the ground with the aircraft standing on its landing gear must have an approved means
to assist the occupants in descending to the ground (i.e. a self supporting slide).

All exits must be clearly marked with details of method of access and operation and also
be recognisable from a distance equal to the width of the cabin.

A means must be provided to assist the occupants in locating the exits in conditions of
dense fog, smoke or darkness (Emergency Lighting).

Each passenger emergency exit must be indicated by a sign visible to the occupants

approaching along the main aisle or aisles.
All doors and emergency exits must be kept clear of any obstruction during flight.

7.1-13 © Oxford Aviation Services Limited



EMERGENCY EQUIPMENT SAFETY EQUIPMENT

1.12

1.13

ESCAPE SLIDES

GIRTBAR 4 _ f -

When an emergency
dictates rapid LINE
evacuation of the PROTECTIVE COVERS
aircraft i.e. (partally shown)
crash/ditching will be
necessary. To this end
actuation of the
emergency escape
slides will take place.
The slides are inflatable
rubber/nylon units
which are stowed in
compartments on the
bottom inner face of
entrance and service
doors.

GIRT BAR
RELEASE
‘ SECONDARY

DUAL SEA ANCHOR

Figure 1.15 Raft

The slides incorporate a retainer (girt) bar which is normally stowed in stowage hooks on the
compartment cover. Escape slides are of two types:- fully automatic and semi-automatic. Fully
automatic slides have a Detach/Engage lever on the inner face of the passenger/service door.
When selected to Engage the door close circuit (electrical) is armed on the ground. The girt bar
floor is armed on the ground. The girt bar floor fittings are raised to connect the bar to the floor
when the door is closed. On selecting Detach the door open circuit is armed and the girt bar
Floor Fittings are raised to detach the bar when the door is opened. On semi-automatic
installations the girt bar is attached and detached to the Floor Fittings manually. In either case,
fully or semi automatic, with the girt bar engaged in the floor fittings, opening the door for
emergency evacuation will deploy the escape slide and automatically inflate it, normally with
CO,. Should auto-inflation fail a red manual inflation handle is provided.

RAFTS/DINGHIES

Many large aircraft utilise the escape slide as a survival raft with accommodation for up to 60
persons, B747. When the slide has been released from the aircraft, by detaching the girt bar, it
can be used in this mode. The raft has a secondary floor which drops onto the primary floor and
can be inflated to provide buoyancy. A centre mast and protective canopy can also be rigged.
Typical survival equipment may be carried in the raft may include repair kits, flares, sea markers,
compass and torches. Emergency rations and water sachets can also be included in the
equipment.Aircraft dinghies can be internally or externally stowed. In the case of the latter their
inflation is automatic, normally via internal release levers. Their capacities are dependent on
design, 30 being a representative figure. The equipment provided in dinghies can vary but it is
similar to that found in rafts. Sufficient life rafts must be carried to accommodate all the
occupants of the aircraft if the largest capacity raft/dinghy is lost.
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1.14

Figure 1.16 Dinghy

PERSONAL FLOTATION EQUIPMENT

The personal equipment is the Lifejacket or Life Preserver, there are numerous types of jacket
and the information contained here is of a general nature and does not apply to any particular
make, model or type. )

They will be designed as lightweight items of equipment and should be treated with care at all
times avoiding dropping or the placement of heavy loads on them. They are normally stowed
in special packs or containers for ease of handling and protection, stowage in this manner will
ensure that the jacket is maintained correctly folded to ensure easy and rapid fitting if required
for use. If there is any evidence of mishandling or immersion in sea water they should be
rejected for operational use.

Instruction for fitting are printed on the container and or jacket and included on the safety leaflet
which all are asked to read prior to take off. The normal stowage is under the seat for passengers
and in any easily reached stowage for the crew. The stowages will be inspected for damage,
cleanliness, security and ease of release on a regular basis. Jackets used for demonstration
purposes are usually marked Demo Only or Dummy and should not be kept in normal stowages.
If real jackets are used for demonstrations they must be returned for servicing prior to being
returned for operational use.

7.1-15 © Oxford Aviation Services Limited



EMERGENCY EQUIPMENT

ORAL INFLATION
TUBE AND VAL

INFLATOR

GAS CYLINDER

a
\WATER

ACTIVATED
CELL

~

WEBBING
WAISTBELT

‘JERK TO INFLATE’ TAG

Figure 1.17 Lifejacket

SAFETY EQUIPMENT

All the jackets are basically similar in design. Buoyancy is achieved by inflating the jacket with
(CO?) Carbon Dioxide Gas which is stored under pressure in a small bottle or cylinder and
released manually by the operation of a red toggle or lever. Once operated the gas will pass
through a NRYV into the jacket and cannot be stopped. A standby or top up method of inflation
by mouth (Oral) is available and this manual inflation tube usually contains a valve which can
be operated by a key if it is desired to lower or release the pressure in the jacket. They are
coloured either brilliant yellow or Flame red as an aid to identification and may contain any or
all of the following equipment. Crew life jackets must be checked for serviceability prior to

flight.

a) A whistle
b) A lifeline

c) A sea water activated light
d) A Heliograph (mirror)
e) Sea water dye

f) Shark repellant

A crew jacket may contain communications equipment or a Search and Rescue Beacon also

known as PLB or SARBE.
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SAFETY EQUIPMENT

All the jackets are basically similar in design. Buoyancy is achieved by inflating the jacket with
(CO?) Carbon Dioxide Gas which is stored under pressure in a small bottle or cylinder and
released manually by the operation of a red toggle or lever. Once operated the gas will pass
through a NRYV into the jacket and cannot be stopped. A standby or top up method of inflation
by mouth (Oral) is available and this manual inflation tube usually contains a valve which can
be operated by a key if it is desired to lower or release the pressure in the jacket. They are
coloured either brilliant yellow or Flame red as an aid to identification and may contain any or
all of the following equipment. Crew life jackets must be checked for serviceability prior to

flight.

a) A whistle
b) A lifeline

c) A sea water activated light
d) A Heliograph (mirror)
e) Sea water dye

f) Shark repellant

A crew jacket may contain communications equipment or a Search and Rescue Beacon also

known as PLB or SARBE.
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1.15

Global - Positioning - System (GPS) search and rescue beacon for civil and military air crew.
Called the SARBE-GPS, the system offers rescuing aircraft two locating options, a satellite-
generated latitude and longitude position or a conventional swept-tone signal on the VHF/UHF
frequencies. The SARBE-GPS weighs 0.8kg and is compatible with current life- preservers. It
has a five-year battery shelf life and is water-proofed to 10m.

The lifejacket is usually constructed of rubberised fabric and contains a single air chamber which
covers the chest and extends round either side of the neck to form a cushion at the back of the
neck. The jacket is secured by tapes which are tied around the body prior to inflation. For
children the tapes should be tied over the jacket and it is possible to have special jackets for
children under three, when the regulations allow the jacket to be without a whistle! Flotation cots
for infants may be provided on certain services and these will provide protection from the
elements to keep the child dry. Adult jackets should only be slightly inflated by mouth prior to
leaving the aircraft or the bulk of a fully inflated by mouth prior to leaving the aircraft or the
bulk of a fully inflated jacket on an adult may cause a problem when leaving the aircraft through
an escape hatch. When correctly fitted and fully inflated the jacket will turn an unconscious
person on to their back and support them at about 45° with their face clear of the water.

LOCATOR BEACONS

The locator beacon is a self buoyant, dual frequency, 243.0 or 121.5 Mhz, radio distress beacon
transmitter with an 80 mile range. It provides at least 48 hours continuous transmission on the
Civil and Military International aviation distress frequencies. The beacon can be operated on
land, or it can be thrown into the sea.

The beacon is operated by pulling on the red toggle, which in turn releases the “Velcro” straps
holding the aerial. Release of the aerial will lift the aerial from its position parallel to the
cylinder switches on the radio transmitter. The aerial will lift to the vertical position, a neon
lamp on top of the beacon will continuously pulsate indicating the beacon is transmitting. The
volume, weight and shape of the cylinder are such as to provide sufficient buoyancy to maintain
the aerial in a vertical position above the water.
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Figure 1.18 Locator Beacon
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Figure 1.19 Emergency Equipment Location
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1.16

1.17

FIRST AID EQUIPMENT
Three types of First Aid Kit are normally carried in larger aircraft:-

a) First Aid Holdalls - These are not sealed and are designed for use by cabin crew for the
treatment of minor emergencies and ailments. Information, contents list and Survival
booklets are inside.

b) Slide/Raft Kits - This First Aid Kit is situated in the survival pack of the slide/raft and
includes a survival booklet.

c) Emergency First Aid Kits - The kit is split into two parts, one for cabin crew use and
the other half for use by qualified doctors only. The half for use by cabin may contain
various tablets such as Ventolin, Arret and Isordil. The part available for use by
qualified personnel contains sophisticated medical equipment and controlled drugs and
must be provided for aircraft with more than 30 seats if any part of the planned route is
more than 60 minutes flying time at normal cruising speed from an aerodrome at which
qualified medical assistance could be expected to be available. These can only be used
with the authority of the captain and must be checked prior to flight for serviceability.

ANCILLARY EQUIPMENT
Fire-proof gloves.

A pair of Fire-proof gloves are usually stowed on the flight deck for use in handling overheated
equipment. They are normally made of Nomex with silver heat resistance coating.

Fire Axe or Jemmy.

One fire axe or jemmy will be stowed on the flight deck whilst one or more may be stowed in
a secure place in the cabin out of view of the passengers. These are used for levering and lifting
hot panels or access doors to fight a fire beneath with a hand held extinguisher. Fire axes are
generally being phased out in favour of the jemmy.

The following information in JAR OPS 1 Subpart K is the JAR requirement for the
carriage of safety equipment and the requirement for emergency oxygen is recommended
reading for all students.
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JAR-OPS 1.745 First Aid Kits
(See AMC OPS 1.745)

(a) An operator shall not operate an aeroplane
unless it is equipped with first-aid kits, readily
accessible for use, to the following scale:

Number of Number of First-
passenger seats Aid Kits required
installed
0to 99 1
100 to 199 2
200 to 299 3
300 and more 4

(b) An operator shall ensure that first-aid kits
are:

(1) Inspected periodically to confirm, to
the extent possible, that contents are maintained
in the condition necessary for their intended
use; and

(2) Replenished at regular intervals, in
accordance with instructions contained on their
labels, or as circumstances warrant,

JAR-OPS 1.750 Intentionally blank

JAR-OPS 1.755 Emergency Medical Kit
(See AMC Ops 1.755)

(a) An operator shall not operate an aeroplane
with a maximum approved passenger seating

configuration of more than 30 seats unless it is
equipped with an emergency medical kit if any
point on the planned route is more than 60
minutes flying time (at normal cruising speed)
from an aerodrome at which qualified medical
assistance could be expected to be available.
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(b) The commander shall ensure that drugs are
not administered except by qualified doctors,
nurses or similarly qualified personnel.

(¢) Conditions for carriage

(1) The emergency medical kit must be
dust and moisture proof and shall be carried
under security conditions, where practicable, on
the flight deck; and

(2) An operator shall ensure that
emergency medical kits are:

(i) Inspected periodically to confirm, to
the extent possible, that the contents are
maintained in the condition necessary for their
intended use; and

(ii) Replenished at regular intervals, in
accordance with instructions contained on their
labels, or as circumstances warrant.

JAR-OPS 1.760 First-aid oxygen
(See IEM OPS 1.760)

(a) An operator shall not operate a pressurised
aeroplane above 25,000 ft when a cabin crew
member is required to be carried unless it is
equipped with a supply of undiluted oxygen for
passengers who, for physiological reasons,
might require oxygen following a cabin
depressurisation. The amount of oxygen shall
be calculated using an average flow rate of at
least 3 litres Standard Temperature Pressure Dry

A(STPD)/minute/person and provided for the

entire flight after cabin depressurisation at cabin
pressure altitudes of more than 8000 ft for at
least 2% of the passengers carried, but in no
case for less than one person. There shall be a
sufficient number of dispensing units, but in no
case less than two, with a means for cabin crew
to use the supply.
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(b) The amount of first-aid oxygen required for
a particular operation shall be determined on the
basis of cabin pressure altitudes and flight
duration, consistent with the operating
procedures established for each operation and
route.

(c) The oxygen equipment provided shall be
capable of generating a mass flow to each user
of at least four litres per minute, STPD. Means
may be provided to decrease the flow to not less
than two litres per minute, STPD, at any
altitude.

JAR-OPS 1.765  Intentionally blank

JAR-OPS 1.770 Supplemental oxygen -
pressurised aeroplanes
(See Appendix 1 to JAR-OPS
1.770)
[(See AMC OPS 1.770)]

(a) General

(1) An operator shall not operate a
[pressurised aeroplane at pressure altitudes
above] 10,000 ft unless supplemental oxygen
equipment, capable of storing and dispensing
the oxygen supplies required by this paragraph,
is provided.

(2) The amount of supplemental oxygen
required shall be determined on the basis of
cabin pressure altitude, flight duration and the
assumption that a cabin pressurisation failure
will occur at the pressure altitude or point of
flight that is most critical from the standpoint of
oxygen need, and that, after the failure, the
aeroplane will descend in accordance with
emergency procedures specified in the
Aeroplane Flight Manual to a safe altitude for
the route to be flown that will allow continued
safe flight and landing.
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(3) Following a cabin pressurisation
failure, the cabin pressure altitude shall be
[considered the same as the aeroplane pressure]
altitude, unless it is demonstrated to the
Authority that no probable failure of the cabin
or pressurisation system will result in a cabin
[pressure altitude equal to the aeroplane
pressure altitude. Under these circumstances,
the demonstrated maximum cabin pressure
altitude] may be used as a basis for
determination of oxygen supply.

(b) Oxygen equipment and supply
requirements

(1) Flight crew members

(i) Each member of the flight crew on
flight deck duty shall be supplied with
supplemental oxygen in accordance with
Appendix 1. Ifall occupants of flight deck seats
are supplied from the flight crew source of
oxygen supply then they shall be considered as
flight crew members on flight deck duty for the
purpose of oxygen supply. Flight deck seat
occupants, not supplied by the flight crew
source, are to be considered as passengers for
the purpose of oxygen supply.

(ii) Flight crew members not covered by
sub-paragraph (b)(1)(i) above, are to be
considered as passengers for the purpose of
oxygen supply.

(ii1) Oxygen masks shall be located so
as to be within the immediate reach of flight
crew members whilst at their assigned duty
station.

(iv) Oxygen masks for use by flight
crew members in pressurised aeroplanes
operating at pressure altitudes above 25,000 ft
shall be a quick donning type of mask.
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2) Cabin crew members, additional crew
members and passengers

(1) Cabin crew members and passengers
shall be supplied with supplemental oxygen in
accordance with [Appendix 1, except when sub-
paragraph (v) below applies. Cabin crew
members] carried in addition to the minimum
number of cabin crew members required and
additional crew members, shall be considered as
passengers for the purpose of oxygen supply.

[(i1) Aeroplanes intended to be operated
at pressure altitudes above 25,000 ft shall be
provided sufficient spare] outlets and masks
and/or sufficient portable oxygen units with
masks for use by all required cabin crew
members. The spare outlets and/or portable
oxygen units are to be distributed evenly
throughout the cabin to ensure immediate
availability of oxygen to each required cabin
crew member regardless of his location at the
time of cabin pressurisation failure.

[(iii)) Aeroplanes intended to be
operated at pressure altitudes above 25,000 ft
shall be provided an oxygen] dispensing unit
connected to oxygen supply terminals
immediately available to each occupant,
wherever seated.  The total number of
dispensing units and outlets shall exceed the
number of seats by at least 10%. The extra units
are to be evenly distributed throughout the
cabin.

[(iv) Aeroplanes intended to be operated
at pressure altitudes above 25,000 ft or which, if
operated at or below 25,000 ft, cannot descend
safely within 4 minutes to 13,000 ft, and for
which the individual certificate of airworthiness
was first issued by a JAA Member State or
elsewhere on or after 9 November 1998, shall be
provided with automatically deployable oxygen
equipment immediately available to each
occupant, wherever seated. The total number of
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dispensing units and outlets shall exceed the
number of seats by at least 10%. The extra units
are to be evenly distributed throughout the
cabin.]

[(v)] The oxygen supply requirements,
as specified in Appendix 1, for aeroplanes not
certificated to fly above 25,000 ft, may be
reduced to the entire flight time between 10,000
ft and 13,000 ft cabin pressure altitudes for all
required cabin crew members and for at least
10% of the passengers if, at all points along the
route to be flown, the aeroplane is able to
descend safely within 4 minutes to a cabin
pressure altitude of 13,000 ft.

JAR-OPS 1.775 Supplemental oxygen - Non-
pressurised aeroplanes (See Appendix 1 to
JAR-OPS 1.775)

(a) General

(1) An operator shall not operate a non-
pressurised aeroplane at altitudes above 10,000
ft unless supplemental oxygen equipment,
capable of storing and dispensing the oxygen
supplies required, is provided.

(2) The amount of supplemental oxygen
for sustenance required for a particular
operation shall be determined on the basis of
flight altitudes and flight duration, consistent
with the operating procedures established for
each operation in the Operations Manual and
with the routes to be flown, and with the
emergency procedures specified in the
Operations Manual.

(3) An aeroplane intended to be
operated at pressure altitudes above 10,000 ft
shall be provided with equipment capable of
storing and dispensing the oxygen supplies
required.
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(b) Oxygen supply requirements

(1) Flight crew members. Each member
of the flight crew on flight deck duty shall be
supplied with supplemental oxygen in
accordance with Appendix 1. Ifall occupants of
flight deck seats are supplied from the flight
crew source of oxygen supply then they shall be
considered as flight crew members on flight
deck duty for the purpose of oxygen supply.

(2) Cabin crew members, additional
crew members and passengers. Cabin crew
members and passengers shall be supplied with
oxygen in accordance with Appendix 1. Cabin
crew members carried in addition to the
minimum number of cabin crew members
required, and additional crew members, shall be
considered as passengers for the purpose of

oxygen supply.

JAR-OPS 1.780 Crew Protective Breathing
Equipment

(a) An operator shall not operate a pressurised
aeroplane or, after 1 April 2000, an
unpressurised aeroplane with a maximum
certificated take-off mass exceeding 5700 kg or
having a maximum approved seating
configuration of more than 19 seats unless:

(1) It has equipment to protect the eyes,
nose and mouth of each flight crew member
while on flight deck duty and to provide oxygen
for a period of not less than 15 minutes. The
supply for Protective Breathing Equipment
(PBE) may be provided by the supplemental
oxygen required by JAR-OPS 1.770(b)(1) or
JAR-OPS 1.775(b)(1). In addition, when the
flight crew is more than one and a cabin crew
member is not carried, portable PBE must be
carried to protect the eyes, nose and mouth of
one member of the flight crew and to provide
breathing gas for a period of not less than 15
minutes; and
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(2) It has sufficient portable PBE to
protect the eyes, nose and mouth of all required
cabin crew members and to provide breathing
gas for a period of not less than 15 minutes.

(b) PBE intended for flight crew use must be
conveniently located on the flight deck and be
easily accessible for immediate use by each
required flight crew member at their assigned
duty station.

(c) PBE intended for cabin crew use must be
installed adjacent to each required cabin crew
member duty station.

(d) An additional, easily accessible portable
PBE must be provided and located at or adjacent
to the hand fire extinguishers required by JAR-
OPS 1.790(c) and (d) except that, where the fire
extinguisher is located inside a cargo
compartment, the PBE must be stowed outside
but adjacent to the entrance to that
compartment.

(¢) PBE while in use must not prevent
communication where required by JAR-OPS
1.685, JAR-OPS 1.690, JAR-OPS 1.810 and
JAR-OPS 1.850.

JAR-OPS 1.785 Intentionally blank
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JAR-OPS 1.790 Hand fire extinguishers
(See AMC OPS 1.790)

An operator shall not operate an
aeroplane unless hand fire extinguishers are
provided for use in crew, passenger and, as
applicable, cargo compartments and galleys in
accordance with the following:

(@) The type and quantity of
extinguishing agent must be suitable for the
kinds of fires likely to occur in the compartment
where the extinguisher is intended to be used
and, for personnel compartments, must
minimise the hazard of toxic gas concentration;

(b) At least one hand fire extinguisher,
containing Halon 1211 (bromochlorodifluoro-
methane, CBrCIF,), or equivalent as the
extinguishing agent, must be conveniently
located on the flight deck for use by the flight
crew;

(c) At least one hand fire extinguisher
must be located in, or readily accessible for use
in, each galley not located on the main
passenger deck;

(d) At least one readily accessible hand
fire extinguisher must be available for use in
each Class A or Class B cargo or baggage
compartment and in each Class E cargo
compartment that is accessible to crew members
in flight; and

(e) At least the following number of
hand fire extinguishers must be conveniently
located in the passenger compartment(s):
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Maximum approved Number of
passenger seating Extinguishers
configuration
7t0 30 1
31 to 60 2
61 to 200 3
201 to 300
301 to 400 5
401 to 500 6
501 to 600 7
601 or more 8

When two or more extinguishers are required,
they must be evenly distributed in the passenger
compartment.

(f) At least one of the required fire
extinguishers located in the passenger
compartment of an aeroplane with a maximum
approved passenger seating configuration of at
least 31, and not more than 60, and at least two
of the fire extinguishers located in the passenger
compartment of an aeroplane with a maximum
approved passenger seating configuration of 61
or more must contain Halon 1211
(bromochlorodifluoromethane, CBrCIF,), or
equivalent as the extinguishing agent.

JAR-OPS 1.795 Crash axes and crowbars

(a) An operator shall not operate an aeroplane
with a maximum certificated take-off mass
exceeding 5700 kg or having a maximum
approved passenger seating configuration of
more than 9 seats unless it is equipped with at
least one crash axe or crowbar located on the
flight deck. If the maximum approved
passenger seating configuration is more than
200 an additional crash axe or crowbar must be
carried and located in or near the most rearward
galley area.
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(b) Crash axes and crowbars located in the
passenger compartment must not be visible to
passengers.

JAR-OPS 1.800 Marking of break-in points

An operator shall ensure that, if designated
areas of the fuselage suitable for break-in by
rescue crews in emergency are available on an
aeroplane, such areas shall be marked as shown
below. The colour of the markings shall be red
or yellow, and if necessary they shall be
outlined in white to contrast with the
background. If the corner markings are more
than 2 metres apart, intermediate lines 9 cm x 3
cm shall be inserted so that there is no more
than 2 metres between adjacent marks.

JAR-OPS 1.805 Means for emergency

evacuation

(a) An operator shall not operate an aeroplane
with passenger emergency exit sill heights:

9 cm 9cm ¢
<> <>
- 777;3 cm —73 cm
£ | |
o,il 4 ] —I
=g— | |
3om  Notoverzm

L —

(1) Which are more than 1.83 metres (6
feet) above the ground with the aeroplane on the
ground and the landing gear extended; or

(2) Which would be more than 1.83
metres (6 feet) above the ground after the
collapse of, or failure to extend of, one or more
legs of the landing gear and for which a Type
Certificate was first applied for on or after 1
April 2000, unless it has equipment or devices
available at each exit, where sub-paragraphs (1)
or (2) apply, to enable passengers and crew to
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reach the ground safely in an emergency.

(b) Such equipment or devices need not be
provided at overwing exits if the designated
place on the aeroplane structure at which the
escape route terminates is less than 1.83 metres
(6 feet) from the ground with the aeroplane on
the ground, the landing gear extended, and the
flaps in the take off or landing position,
whichever flap position is higher from the
ground.

(c) In aeroplanes required to have a separate
emergency exit for the flight crew and:

(1) For which the lowest point of the
emergency exit is more than 1.83 metres (6 feet)
above the ground with the landing gear
extended; or,

(2) For which a Type Certificate was
first applied for on or after 1 April 2000, would
be more than 1.83 metres (6 ft) above the
ground after the collapse of, or failure to extend
of, one or more legs of the landing gear,

there must be a device to assist all members of
the flight crew in descending to reach the
ground safely in an emergency.

JAR-OPS 1.810 Megaphones
(See AMC OPS 1.810)

(a) An operator shall not operate an aeroplane
with a maximum approved passenger seating
cenfiguration of more than 60 and carrying one
or more passengers unless it is equipped with
portable battery-powered megaphones readily
accessible for use by crew members during an
emergency evacuation, to the following scales:

(1) For each passenger deck:
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Passenger seating Number of
configuration Megaphones
Required
61 to 99 1
100 or more 2

(2) For aeroplanes with more than one
passenger deck, in all cases when the total
passenger seating configuration is more than 60,
at least 1 megaphone is required.

JAR-OPS 1.815 Emergency lighting

(a) An operator shall not operate a passenger
carrying aeroplane which has a maximum
approved passenger seating configuration of
more than 9 unless it is provided with an
emergency lighting system having an
independent power supply to facilitate the
evacuation of the aeroplane. The emergency
lighting system must include:

(1) For aeroplanes which have a
maximum approved passenger seating
configuration of more than 19:

(i) Sources of general cabin
illumination;

(i1) Internal lighting in floor level
emergency exit areas; and

(iii) IHluminated emergency exit
marking and locating signs

(iv) For aeroplanes for which the
application for the type certificate or
equivalent was filed in a JAA Member
State or elsewhere before 1 May 1972,
and when flying by night, exterior
emergency lighting at all overwing
exits, and at exits where descent assist
means are required.
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(v) For aeroplanes for which the
application for the type certificate or
equivalent was filed in a JAA Member
State or elsewhere on or after 1 May
1972, and when flying by night,
exterior emergency lighting at all
passenger emergency exits.

(vi) For aeroplanes for which the type
certificate was first issued in a JAA
Member State or elsewhere on or after
1 January 1958, floor proximity
emergency escape path marking system
in the passenger compartment(s).

(2) For aeroplanes which have a maximum
approved passenger seating configuration of 19
or less and are certificated to JAR-23 or JAR-
25:

(i) Sources of general cabin
illumination;

(ii) Internal lighting in emergency exit
areas; and

(iii) Iluminated emergency exit
marking and locating signs

(3) For aeroplanes which have a maximum
approved passenger seating configuration of 19
or less and are not certificated to JAR-23 or
JAR-25, sources of general cabin illumination.

(b) After 1 April 1998 an operator shall not, by
night, operate a passenger carrying aeroplane
which has a maximum approved passenger
seating configuration of 9 or less unless it is
provided with a source of general cabin
illumination to facilitate the evacuation of the
aeroplane. The system may use dome lights or
other sources of illumination already fitted on
the aeroplane and which are capable of
remaining operative after the aeroplane’s battery
has been switched off.
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JAR-OPS 1.820 Automatic Emergency
Locator Transmitter
(See IEM OPS 1.820)

(a) An operator shall not operate an aeroplane
unless it is equipped with an automatic
Emergency Locator Transmitter (ELT) attached
to the aeroplane in such a manner that, in the
event of a crash, the probability of the ELT
transmitting a detectable signal is maximised
and the possibility of the ELT transmitting at
any other time is minimised.

(b) An operator must ensure that the ELT is
capable of transmitting on the distress
frequencies prescribed in ICAO Annex 10.

JAR-OPS 1.825 Life Jackets
(See IEM OPS 1.825)

(a) Land aeroplanes. An operator shall not
operate a land aeroplane:

(1) When flying over water and at a
distance of more than 50 nautical miles from the
shore; or

(2) When taking off or landing at an
aerodrome where the take-off or approach path
is so disposed over water that in the event of a
mishap there would be a likelihood of a
ditching,

unless it is equipped with life jackets equipped
with a survivor locator light for each person on
board. Each life jacket must be stowed in a
position easily accessible from the seat or berth
of the person for whose use it is provided. Life
jackets for infants may be substituted by other
approved flotation devices equipped with a
survivor locator light.
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(b) Seaplanes and amphibians. An operator
shall not operate a seaplane or an amphibian on
water unless it is equipped with life jackets
equipped with a survivor locator light, for each
person on board. Each life jacket must be
stowed in a position easily accessible from the
seat or berth of the person for whose use it is
provided. Life jackets for infants may be
substituted by other approved flotation devices
equipped with a survivor locator light.

JAR-OPS 1.830 Life-rafts and survival ELTs
for extended overwater flights

(a) On overwater flights, an operator shall not
operate an aeroplane at a distance away from
land which is suitable for making an emergency
landing, greater than that corresponding to:

(1) 120 minutes at cruising speed or 400
nautical miles, whichever is the lesser, for
aeroplanes capable of continuing the flight to an
aerodrome with the critical power unit(s)
becoming inoperative at any point along the
route or planned diversions; or

(2) 30 minutes at cruising speed or 100
nautical miles, whichever is the lesser, for all
other aeroplanes,

unless the equipment specified in sub-
paragraphs (b) and (c) is carried.

(b) Sufficient life-rafts to carry all persons on
board. Unless excess rafts of enough capacity
are provided, the buoyancy and seating capacity
beyond the rated capacity of the rafts must
accommodate all occupants of the aeroplane in
the event of a loss of one raft of the largest rated
capacity. The life-rafts shall be equipped with:

(1) A survivor locator light; and
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(2) Life saving equipment including
means of sustaining life as appropriate to the
flight to be undertaken (see AMC OPS
1.830(b)(2)); and

(c) At least two survival Emergency Locator
[Transmitters (ELT(S)) capable of transmitting
on the distress frequencies prescribed in ICAO
Annex 10, Volume V, Chapter 2. (See AMC
OPS 1.830(c).)]

JAR-OPS 1.835 Survival equipment
(See IEM OPS 1.835)

An operator shall not operate an aeroplane
across areas in which search and rescue would
be especially difficult unless it is equipped with
the following:

(a) Signalling equipment to make the
pyrotechnical distress signals described in
ICAO Annex 2;

[(b) Atleast one ELT(S) capable of transmitting
on the distress frequencies prescribed in ICAO
Annex 10, Volume V, Chapter 2 (See AMC
OPS 1.830(c)); and]

(c) Additional survival equipment for the route
to be flown taking account of the number of
persons on board (See AMC OPS 1.835(c)),

except that the equipment specified in sub-
paragraph (c) need not be carried when the
aeroplane either:

(1) Remains within a distance from an
area where search and rescue is not especially
difficult corresponding to:
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(1) 120 minutes at the one engine
inoperative cruising speed for aeroplanes
capable of continuing the flight to an aerodrome
with the critical power unit(s) becoming
inoperative at any point along the route or
planned diversions; or

(1) 30 minutes at cruising speed for all
other aeroplanes, :

or,

(2) For aeroplanes certificated to JAR-
25 or equivalent, no greater distance than that
corresponding to 90 minutes at cruising speed
from an area suitable for making an emergency
landing.

JAR-OPS 1.840 Seaplanes and amphibians -
Miscellaneous equipment

(a) An operator shall not operate a seaplane or
an amphibian on water unless it is equipped
with:

(1) A sea anchor and other equipment
necessary to facilitate mooring, anchoring or
manoeuvring the aircraft on water, appropriate
to its size, weight and handling characteristics;
and

(2) Equipment for making the sound
signals prescribed in the International
Regulations for preventing collisions at sea,
where applicable.
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Appendix 1 to JAR-OPS 1.770
[Oxygen - Minimum Requirements for Supplemental Oxygen for Pressurised Aeroplanes (Note 1)]

Table 1
(a) (b)
SUPPLY FOR: DURATION AND CABIN PRESSURE ALTITUDE
1. All occupants of flight Entire flight time when the cabin pressure altitude exceeds 13,000 ft
deck seats on flight deck | and entire flight time when the cabin pressure altitude exceeds 10,000 ft
duty but does not exceed 13,000 ft after the first 30 minutes at those
altitudes, but in no case less than:
(i) 30 minutes for aeroplanes certificated to fly at altitudes not
exceeding 25,000 ft (Note 2)
(ii) 2 hours for aeroplanes certificated to fly at altitudes more than
25,000 ft (Note 3).
2. All required cabin crew | Entire flight time when cabin pressure altitude exceeds 13,000 ft but not
members less than 30 minutes (Note 2), and entire flight time when cabin
pressure altitude is greater than 10,000 ft but does not exceed 13,000 ft
after the first 30 minutes at these altitudes.
3. 100% of passengers [Entire flight time when the cabin pressure altitude exceeds 15,000 ft
(Note 5) but in no case less than 10 minutes. (Note 4)]
4. 30% of passengers Entire flight time when the cabin pressure altitude exceeds 14,000 ft but
(Note 5) does not exceed 15,000 ft
5. 10% of passengers Entire flight time when the cabin pressure altitude exceeds 10,000 ft but
(Note 5) does not exceed 14,000 ft after the first 30 minutes at these altitudes

Note 1:  The supply provided must take account of the cabin pressure altitude and descent profile for the routes concerned.

Note 2:  The required minimum supply is that quantity of oxygen necessary for a constant rate of descent from the aeroplane’s
maximum certificated operating altitude to 10,000 ft in 10 minutes and followed by 20 minutes at 10,000 ft.

Note 3:  The required minimum supply is that quantity of oxygen necessary for a constant rate of descent from the aeroplane’s
maximum certificated operating altitude to 10,000 ft in 10 minutes and followed by 110 minutes at 10,000 ft. The
oxygen required in JAR-OPS 1.780(a)(1) may be includedin determining the supply required.

Note 4:  The required minimum supply is that quantity of oxygen necessary for a constant rate of descent from the aeroplane’s
[maximum certificated operating altitude to 15,000 ft in 10 minutes.]

Note 5:  For the purpose of this table ‘passengers’ means passengers actually carried and includes infants.
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Appendix 1 to JAR-OPS 1.775
Supplemental Oxygen for non-pressurised Aeroplanes

Table 1
(a) (b)
SUPPLY FOR: DURATION AND PRESSURE ALTITUDE
1. All occupants of flight deck Entire flight time at pressure altitudes above 10,000 ft
seats on flight deck duty
2. All required cabin crew Entire flight time at pressure altitudes above 13,000 ft and for any
members period exceeding 30 minutes at pressure altitudes above 10,000 ft
but not exceeding 13,000 ft
3. 100% of passengers Entire flight time at pressure altitudes above 13,000 ft
(See Note)
4. 10% of passengers Entire flight time after 30 minutes at pressure altitudes greater than
(See Note) 10,000 ft but not exceeding 13,000 ft

Note:  For the purpose of this table ‘passengers’ means passengers actually carried and includes infants under the age of 2.
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21

2.2

INTRODUCTION.

In order for the body to function satisfactorily it requires oxygen which it extracts from
oxygenated blood provided by the lungs.

Insufficient oxygen is known as Hypoxia. The importance of aircrew being able to recognise
Hypoxia cannot be overstated.

Knowledge of the signs and symptoms and early identification of the problem will allow the
correct drills to be carried out before anyone is placed in jeopardy but it is important that these
drills are well learnt and easily accomplished.

The drills to overcome this can be summarised as:-

a) Provide Oxygen.

b) Descend to a level where atmospheric oxygen is present in sufficient quantities to meet
the body’s needs.

Aircrew must familiarise themselves with the appropriate oxygen drills for the aircraft they are
flying before venturing above an altitude at which Hypoxia can occur i.e. above 10000 feet.

The symptoms of hypoxia can be summarised as follows:-
a) Apparent Personality Change

b) Impaired Judgement

c) Muscular Impairment
d) Memory Impairment
e) Sensory Loss

Impairment of Consciousness i.e. confusion, semi-consciousness, unconsciousness and finally
DEATH. ’

TIME OF USEFUL CONSCIOUSNESS.
This is the time available for a pilot/flight engineer to recognise the development of Hypoxia and
do something about it. It is not the time to unconsciousness but the shorter time from a reduction

in adequate oxygen until a specific degree of impairment, generally taken to be the point when
the individual can no longer take steps to help him/herself.
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2.3

Time of Useful Consciousness

Altitude Time

18000 ft 30 minutes approx.

25000 ft 5 to 3 minutes

30000 ft 90 to 45 seconds
35000 ft 45 to 30 seconds
45000 ft About 12 seconds

Pressurised aircraft are therefore fitted with oxygen systems to provide the crew with oxygen:-

a) if the cabin pressure altitude exceeds 13,000 feet, or more than 30 minutes at cabin
pressure altitudes of between 10000ft and 130001t

b) if hazardous fumes enter the flight deck, and

c) if the cabin pressure altitude exceeds 15,000 feet, to provide all the passengers with
oxygen, above 14000ft 30% of passengers and above 13000ft 10% of passengers. See
JAR OPS 1 sub part K appendix 1 to JAR-OPS 1.770 and appendix 1 to JAR-OPS
1.775.

AVAILABLE SYSTEMS. (JAR - OPS 1 Subpart K)

Portable oxygen sets are provided in addition for therapeutic use by passengers and for use by
cabin staff during emergencies. Special smoke sets may also be provided for crew use.

In unpressurised aircraft, oxygen equipment will be installed for the use of passengers and crew
if the aircraft is to fly above 10,000 feet with portable oxygen sets being provided if no fixed
installation exists.

Crew oxygen is stored in High Pressure gaseous form whilst passenger supplies may be of HP
gas or be chemically generated. Gaseous oxygen systems are generally of the diluter demand
type for crew use and the continuous flow type for passenger use, although some smaller aircraft
may have the continuous flow type for crew use as well. In both systems the gas is stored in
cylinders at 1800psi, the pressure being reduced to a suitable level for use.

Quantity (pressure) indication is provided by a gauge on the flight compartment. In the event of
an over-pressure the cylinder is vented to atmosphere through a safety (bursting) disc. Indication
of this fact is given by a discharge indicator located on the outer skin of the aircraft adjacent to
the oxygen storage bottle(s). The cylinders are fitted with “shut-off valves” to enable them to
be removed from the aircraft for maintenance purposes.
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24 CONTINUOUS FLOW OXYGEN SYSTEM.

MASK CONNECTION POINTS:

‘__-L_k \ LOW PRESSURE
( o © l HIGH PRESSURE
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——-@ HIGH PRESSURE SHARGING
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SHUT-OFF

PRESSURE
REDUCING
VALVE

Figure 2.1

A continuous flow system is shown in Figure 2.1.

When the shut-off valve and line valve are turned on, high pressure oxygen will flow from the
charged cylinder to the Pressure Reducing Valve (PRV).

At the PRV the pressure is reduced to 80-100 psi for supply to the mask connection points,
where the pressure is further reduced by the fitting of a calibrated orifice. This ensures that
oxygen is supplied at the correct pressure for breathing at a continuous rate when required.

The mask connection points may be of the normal plug-in type or of the drop out type where, in
the case of pressurisation failure, the masks are presented automatically and oxygen flow will
commence when the passenger puts on the mask.

Continuous flow regulators of the hand adjustable and automatic type may be installed for crew
and passenger oxygen supply respectively.

The hand adjustable regulator delivers a continuous stream of oxygen at a rate that can be
controlled. The system usually has a pressure gauge, a flow indicator and a manual control knob
used to regulate the flow according to the cabin altitude. The gauge indicates the pressure in the
cylinder in psi. and the flow indicator is calibrated in terms of cabin altitude.

The user adjusts the manual control knob until the altitude of the flow indicator corresponds to
the cabin altimeter setting. Most flow indicators, however, just show that oxygen is flowing
through the regulator. They do not show how much is flowing or if the user is being supplied
with sufficient oxygen.
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2.5

DILUTER DEMAND SYSTEM.

This type of system is provided in most aircraft for flight crew use and is separate and additional
to the passenger system. The system is shown in fig 2.2. Oxygen is diluted with air and supplied
as demanded by the users respiration cycle and the oxygen regulator. There is a mask connection
point for each crew member and the supernumary crew position.

A typical regulator operates as follows:-

a) With the oxygen supply ‘ON’ and ‘NORMAL’ oxygen selected, diluted oxygen will
be supplied to the crew members mask as he/she inhales. As the cabin altitude increases
and cabin air pressure decreases the percentage oxygen increases until, at 32000ft. cabin
altitude, 100% oxygen is supplied.

b) 100% oxygen will be supplied, regardless of altitude, if the crew member selects 100%
O, on the regulator control panel.

c) Selecting ‘EMERGENCY’ on the regulator will provide protection against the
inhalation of smoke and harmful gases by supplying 100% O, at a positive pressure.

d) When ‘TEST” is selected, oxygen at a high positive pressure is supplied to check masks
for fit and other equipment for leakage.

CYLINDER

PRESSURE
GAUGE LOW PRESSURE GAUGE

DISCHARGE
INDICATOR CYLINDER

SHUT-OFF SYSTEM

VALVE SHUT-OFF
VALVE

®

MASK
CONNECTION

&
—

NON-RETURN PRESSURE
VALVE REGULATOR
bonn
DEMAND
FILTER REGULATORS
HARGING w(x(COmCw(mm  CHARGING LINE
FUSELAGE VALVE

s LOW PRESSURE

e HIGH PRESSURE

Figure 2.2
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2.6

2.7

2.8

2.9

NARROW PANEL SYSTEM, NORMAL OPERATION.

For normal operation the supply lever is set to “on”, the oxygen selection lever to “normal” and
the emergency lever is in the “off” position. When the user inhales a differential pressure is
created across the demand diaphragm, causing the demand valve to open supplying oxygen to
the mask. This pressure differential exists during the user’s inhalation cycle. After passing
through the demand valve , the oxygen is mixed with air that enters through the air inlet port.
The mixture ratio is determined by an aneroid controlled air metering valve which provides a
high air ratio at low altitudes and a high oxygen ratio at high altitudes. Airflow begins at the
same time as oxygen flow through the air inlet valve.

Moving the oxygen selector lever to 100% cuts off the air supply through the inlet port from the
flight compartment. This prevents fumes etc. from entering the mask.

Selecting the emergency lever to the “on” position mechanically loads the demand diaphragm
to provide positive pressure.

EMERGENCY REGULATING OXYGEN SYSTEM (EROS) CREW OXYGEN MASKS.

These are combined masks and regulators fitted at each crew station to provide the flight crew
with diluted or 100% oxygen. They are stowed in a panel mounted box in such a way that the
regulator controls and the feed hose protrude through apertures in the stowage doors. When the
mask/regulator is stowed and the box doors closed, oxygen flow to the mask is prevented by a
shut-off valve inside the box, this valve being held closed by the Reset-Test Lever on the left
door. The flow indicator is visible with the doors open or closed. The pneumatic harness that
holds the mask to the face is deflated when stowed . The harness fits all head sizes. It is a
requirement( JAR OPS 1 sub part K) that these quick donning masks must be provided for the
flight deck crew on all aircraft that have a maximum operating altitude above 25000 feet.

CONTROL

The control for normal or 100% oxygen flow is on the front of the regulator, marked N and
100% PUSH. 100% oxygen is obtained by pushing in on the end of the of the control marked
100% push.

The EMERGENCY control knob changes the flow from diluter demand to steady flow if it is
rotated to the emergency setting.

OPERATION

The mask is withdrawn by grasping the red release grips between thumb and forefinger. This
action initiates inflation of the harness, the inflated condition assisting its rapid donning.
Subsequent release of the grips bleeds pressure from the harness, which will now form fit the
head. The masks include R/T communication facilities and can be modified to include a mask
ventilation feature which, when selected, will provide ventilation to the smoke goggles in order
to overcome misting problems.
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2.10

The ventilation switch should be in the closed (up) position when the smoke goggles are not
being used.

TESTING
The emergency knob is also marked PRESS TO TEST. When pressed together with the

RESET-TEST lever, it allows oxygen to flow into the mask. Flow is checked on the flow
indicator.

Figure 2.5 EROS Oxygen Mask
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2.11 PASSENGER OXYGEN SYSTEM

Provides an emergency oxygen supply to the passengers and cabin attendants and isof the
continuous flow type supplied either by a high presssure gaseous system or a chemical generator
system. The masks are stowed in the passenger service units (PSU), the doors of which will open
automatically by a barometrically controlled release mechanism if the cabin altitude reaches
140001t or by manual selection from the flight by the crew at any altitude below this. The
release mechanism is actuated electrically for the chemical generator system and pneumatically
for the gaseous system.

When the PSU doors open the masks drop to the “half-hung” position. Pulling the mask towards
the face initiates the oxygen flow by opening a check valve on the gas supplied system or
operating the electrical or percussion cap firing mechanism on the chemical generator. The
masks are now ready for use.

2.12 CHEMICAL OXYGEN GENERATORS

Chemical Oxygen Generator System

Insulation SO:::I:‘um ChBIIorate Filsr 789 Filter

Oxygen Outlets arge Ble Firing
YN \; = "
"anifold i i e : ‘ ::
Relief Valve : = /
Filter Thermal «g‘\uounting
Insulation Stud
Figure 2.6

The generators are located in each passenger, cabin attendants and lavatory service units.
Oxygen is generated by the chemical reaction of sodium chlorate (NaClO,) and iron(Fe). The
complete reaction is NaClO; + Fe -~ NaCl + FeO + O,. The sodium chlorate and iron core is
shaped to provide maximum oxygen flow at statting. A filter in the generator removes any
contaminates and cools the oxygen to a temperature not exceeding 10° C above cabin ambient
temperature. A relief valve prevents the internal pressure in the generator exceeding 50psi.the
normal flow pressure is 10psi. Sufficient oxygen is supplied from the generator to meet the
requirements of descent in emergency conditions (min of 15 mins).

Caution. Once the chemical reaction has started, it cannot be stopped. Surface temperatures of
the generator can reach 232°C (450°F). A strip of heat sensitive tape or paint changes colour,
usually to black, when the generator is used and provides visual indication that the generator is
expended. Chemical generators have a shelf/installed life of ten years.
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Figure 2.7. Oxygen Flow Profile for a Chemical Oxygen

2.13 PORTABLE OXYGEN SYSTEMS

Generator

First aid and sustaining portable oxygen cylinders are installed at suitable locations in the
passenger cabin. They consist of a cylinder containing normally 120 litres of oxygen at a
pressure of 1800psi in a carrying bag with straps. It is usually possible to set one of two flow
rates depending on requirement. These are Normal and High which correspond to flow rates of

2 and 4 litres per minute.

At these rates a 120 litre bottle would last 60 or 30 minutes

respectively. 310 litre bottles with four way manifolds for multiple supplies are available with

high or medium rates as above.

2.14 CREW PORTABLE OXYGEN SYSTEMS AND SMOKE HOODS

Standard portable oxygen
bottles can be used by the
crew to enable them to move
about the cabin during
reduced cabin pressure
situations but for use when
harsh environmental
conditions exist portable sets
with a full face smoke mask
will be used. They may be
standard cylinders or may be
special smoke sets with built
in generators which can
produce oxygen for 15
minutes once initiated.
Special training is required
prior to use and they are not
suitable for passengers.

Pull down toggle to
initiate “Quick Start”
system. Toggle may
detach.

Put both hands into the hood

widen elastic bands/neck seal
with back of hands. Pull hood |
over head from behind. Keep |
hands between head & elastic | |
straps until mask covers mouth |

Check neck seal. Tie
tapes around waist.

Figure 2.8. Smoke Hoods (Drager)
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2.15

OXYGEN CYLINDER

ON-OFF VALVE (YELLOW) PRESSURE GAUGE

PRESSURE REGULATOR
DEMAND REGULATOR

FULL FACE MASK

Figure 2.9 crew Portable Oxygen

SAFETY PRECAUTIONS

The following general safety precautions apply to all oxygen systems. Specific precautions for
individual aircraft types are contained in the appropriate aircraft manual and flight crew should
familiarise themselves with the safety precautions for the type.

a)

b)

d)

Oxygen is a non flammable heavier than air gas which supports combustion as well as
life. Any flammable material will burn more fiercely in the presence of oxygen than in
air. Smoking is therefore banned in oxygen rich atmospheres and all combustible

materials should be removed from the area of oxygen recharging operations.

No oil or grease should be allowed to come into contact with oxygen as there is the
possibility of a severe chemical reaction and spontaneous combustion. This means that
tools, protective clothing, etc. must be free from oil and grease.

Any moisture present will react with gaseous oxygen and can cause corrosion and the
possibility of valves freezing. The oxygen will probably smell “bad” when used. It is
therefore essential that aircraft are replenished only with oxygen approved for aviation
use.

During replenishment or maintenance of oxygen systems the surrounding area must be
adequately ventilated. Remember that oxygen is heavier than air and will fill low lying

areas such as servicing pits, aircraft bilges, etc.

Only lubricants specified in the maintenance manuals may be used. e.g. graphite.
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3.1 SMOKE DETECTION

Smoke detection systems are employed where it is not possible to keep a bay or compartment
eg cargo or electrical equipment, under constant physical surveillance. As a general rule a
system of detectors are employed in each compartment/bay which can give remote warnings of
smoke, can be tested from the flight deck, and can be re-set when a warning is received in order
to verify it.

APU
FIRE
DETECTORS

AVIONICS FWD

ICOMPARTMENT]

AFT BULK
CARGO | CARGO

COMPARTMENY COMPARTMENT [COMPARTMEN

APU -
EXTINGUISHER

CARGO FIRE BOTTLE
EXTINGUISHER
BOTTLE
CARGO SMOKE
DETECTORS

ENGINE FIRE
EXTINGUISHER
BOTTLES

CARGO SMOKE

DETECTOR ENGINE
FIRE
DETECTORS

Figure 3.1 Location of Smoke Detectors
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Smoke and flame detectors operate according to several different principles, for example:-

o o

Light detection

Light refraction

Ionisation

Change in resistance of semiconductor

Light detection system - designed to respond to a change in visible light or a change in
infrared radiation. Uses a photoelectric cell positioned so that it can monitor the
surrounding area producing a change in current to activate a warning circuit when a
change of light or infrared radiation striking the cell occurs. Activated by an open flame.

Light refraction system - shown in figure 3.2 uses a photoelectric cell which is shielded
from direct light from a projection lamp directed into a detection chamber. Air from the
compartment is drawn through the chamber. When smoke is introduced into the chamber
light is reflected from the smoke particles and falls on the photoelectric cell. The change
of current flow caused by the change in conductivity of the cell activates a visual and
aural warning. The test lamp illuminates when the test is selected from the flight deck
and activates the smoke detector.

_ LIGHT-TIGHT LOUVRES

1.Clean air |
condition.

‘ PHOTOELECTRIC CELL

| PROJECTOR
L AP

2.Smoke
condition. -

‘PHOTO»ELECTRIC CELL

SR

PHOTOELECTRIC CELL

Figure 3.2. Light Refraction Smoke Detector
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C. Ionisation - uses a small piece of radioactive material to bombard the oxygen and
nitrogen molecules in the air inside a detection chamber. Ionisation takes place causing
a small current to flow across the chamber and through an external circuit. When smoke
is introduced to the chamber the smoke particles attach themselves to the oxygen and
nitrogen ions and reduce the current flow which is detected by the external circuit and
activates the aural and visual warning.

Radioactive Radioactive
bombardment e material
~_ -

Airin Air out

—» == Y
Smoke
particles
reduce current Detector
flow

Figure 3.3 lonisation Type Smoke Detector
d. Change in resistance of semiconductor material - uses two heated solid state detecting

elements. Each element is enclosed in a coating of semiconductor material. The material
will absorb ions of carbon monoxide or nitrous oxide thereby changing the conductivity
of the material. The elements are positioned so that one samples air in the cabin and the
other samples ambient air. The electrical output of the two elements is compared and if
the sensor that is sampling the cabin air absorbs toxic gases due to exposure to smoke
or toxic gas then the output of the two sensors is different and the warning will be
activated.

Note. Smoke detectors can give false warnings due to dust, dirt , gaseous emissions such as
the discharge from rotting fruit or condensation.
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SMOKE DETECTORS
FREIGHT BAYS DISCHARGE VALVES

Figure 3.4 Smoke detector & indicator

3.2 CARGO SMOKE DETECTION

Detectors situated in cargo bays, whilst operating on the same principle as previously described,
will, on modern aircraft, give a flight deck warning of FIRE and a suitable fire protection system
will be installed.

CARGO SMOKE
TEST

™. AGENT1 ¢ : AGENT 1
~

AGENT2 |_— || AGENT 2

Figure 3.5. Cargo smoke detection (Airbus)
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SMOKE DETECTION/PROTECTION

TOILET SMOKE DETECTORS

_REAR 1|
ENEmd ALY

REAR2
| PEADR ]

HORN OFF  RESET TEST

. . i . L i i

Figure 3.6. Toilet smoke detector
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3.3 SMOKE HOODS

Smoke hoods are a fairly recent innovation to emergency equipment. Owing to the training
required to use a smoke hood it is only worn by flight and cabin crews.

The basic unit provides protection against all forms of smoke generated in a ground or flight
emergency. A rubber neck seal ensures complete insulation for the wearer whilst oxygen is
supplied via a self contained system, the during being a minimum of 15 minutes. Oxygen expiry
may be indicated by a resistance to breathing. Smoke hoods will be stowed at flight crew
stations and at cabin crew positions.

34 There are two types of smoke hood in airline use:-
a. Cabox. Stowed at the appropriate crew station in a sealed container, this unit has a
chemical oxygen generator installed. Care should be taken to ensure the quickstart cord

is intact before use.

b. Drager. Like the above unit it is stowed in a sealed container. No pre-flight check is
required. It has a self generating oxygen system actuated by a start cord.

SMOKE HOODS

Protects head from
heat & flames
Glasses may
be worn

Speak through
speech diaphragm

ong hair must be
pushed back clear
of neck seal

Expiry indicated by
resistance to
breathing & bag may

Chemical reaction

provides oxygen slightly deflate.

MINIMUM DURATION
15 MINS

Figure 3.7. Smoke hoods
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SMOKE DETECTION/PROTECTION

1. Pull hood out of
container & holding
neck seal open, pull
hard over head &
position mask over
mouth & nose.

2. Immediately pullred | 3. Secure mask by
toggle. holding onto speech
diaphragm then grasp together.
red fabric tab stretching
elastic tensioner & pull
over head to secure
mask in place. Check

neck seal.

4. Pass the tapes
around the waist & tie

Figure 3.8. Smoke Hoods Cabox

i

& nose.

Put both hands into the hood &
widen elastic bands/neck seal initiate “Quick Start”

with back of hands. Pull hood system. Toggle may
over head from behind. Keep detach.

hands between head & elastic

straps until mask covers mouth

Pull down ioggle to

Check neck seal. Tie
tapes around waist.

Figure 3.9. Smoke Hoods Drager
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4.1

4.2

OXYGEN

Figure 4.1. Triangle of fire

INTRODUCTION

By design aircraft are intrinsically safe. However, it is an essential requirement that a “worse
case scenario” must be catered for. To this end a Fire Detection/Protection system must be fitted
in engines, APU’s and main wheel wells.

Such areas are defined as Designated Fire Zones and may be described as:-

“Areas where a potential fire risk may exist following failure or leakage of any component or
associated equipment”.

In order to avoid the spread of fire in engines or APU’s, fire zones are established ie a series of
fire proof bulkheads.

A fire detection system must be capable of providing rapid detection of a localised fire or
overheat condition, however it must not automatically operate the fire extinguishers.

FIRE DETECTION SYSTEMS

Detection methods can vary according to the position of the equipment. Four methods of
detection can be described as follows:-

a) Melting Link Detectors. These are found in older aircraft and consist of a pair of
contacts held apart by a fusible plug. At a pre-determined temperature the fusible plug
melts allowing the contacts to close and a fire warning circuit is made. A major
drawback with this detector is that the contacts will not open after the fire has been
extinguished thus giving a permanent fire warning.
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b)

Differential Expansion Detectors. This type of detector operates on the principle of
the differential rate of expansion of dissimilar materials. They consist of a pair of
contacts mounted on a spring bow assembly, fitted within an expansion tube mounted
onabase. When heat is applied the tube expands at a greater rate then the bow, drawing
the contacts together, so providing power to the Fire Warning Circuit. A subsequent
drop in temperature will cause the tube to shorten, the contact will open and the warning
cancel. This type of unit is often used as a monitor on Engine Cooling Air Outlets to
provide Internal Engine Overheat (I.E.O.H.) warning. This type of detector usually
incorporates a short time delay before the warning is activated to prevent false warnings
due to vibration.

Figure 4.2. Differential Expansion Detectors

Continuous Fire Detectors. These detectors are commonly known as Fire Wire and
operate on the principle of their elements having either a negative coefficient of
resistance or a positive coefficient of capacitance.(one system has both) An element
consists of a stainless steel tube, with a central electrode insulated from the tube by a
temperature sensitive material.
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The resistance of insulating material in the resistive type will decrease with increase of
temperature and current flow (leakage) between the central electrode and the outer tube
will increase until, at a predetermined level , sufficient current will flow and the warning
system will operate. If the temperature drops below a preset value the system will
automatically reset. In the case of the capacitance type an increase in temperature causes
an increase in capacitance. The element is polarised by the application of half wave
rectified a.c. from a control unit which it stores and then discharges as a feedback current
which, once it has reached a predetermined level, activates the aural and visual fire
warnings. This system will reset itself once the temperature drops below a preset level
and has the advantage over the resistive type that a short circuit grounding the element
or system does not result in a false warning.

Fire Wires are positioned around engine fire zones in a continuous double loop, both
loops having to detect a fire to initiate the warning. The system is AC supplied and has
the ability to continue functioning with a single wire break. Warning of this malfunction
maybe displayed on the fire detection panel or electronic system display unit.

DUAL CLAMP

SENSING ELEMENTS s _ ~ QUICK RELEASE FASTNER
COPPER GASKET

ELECTRODE

.

MATERIAL WHICH HAS:
+ve coefficient of capacitance
-ve coefficient of resistance

Figure 4.3. Continuous Wire (Fire Wire) Detector
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d)

Note:

I OVERHEAT EXPANDS
1 INERT AVERAGING GAS

RESPONDER ALARM SWITCH
(NORMALLY OPEN)

FIRE RELEASES ACTIVE GAS
FROM/HYDRIDE CORE

ALARM SIGNAL

POWER SUPPLY

RESPONDER ALARM SWITCH
(NORMALLY OPEN)

Figure 4.4. Overheat & fire warning

Gas Filled Detectors. This system consists of a continuous stainless steel tube
containing a core gas absorbent material. The tube is positioned strategically around the
engine wherever a fire is likely to occur. Gas is forced into the tube under pressure and
partially absorbed by the core before the tube is sealed. When the tube is heated the
absorbed gas is released from the core material and the pressure in the tube builds up
rapidly. This increase of pressure sensed by a pressure switch at the end of the tube and
a signal, via a system control box, will initiate a fire warning on the flight deck. This
system also has the ability to detect an overheat within the Fire Zones possibly caused
by a hot gas leak from a bleed supply.

Like the fire wire this system is positioned around the fire zones in a double loop, once
again both loops being required to detect a fire to give a warning.

Should the integrity of the tube be breached and the gas released from the core, the same
pressure switch that sensed the pressure rise due to increased temperature will sense the
drop in pressure and signal a Loop Fault on the control panel or electronic systems
display.

Any fault within a fire detection system which may give rise to a false fire warning must
be treated as a real fire.
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4.3

FIRE SENSING ELEMENTS _ LOOPA | | LOOPB

* AND logic when both loops
are operative

* OR logic when either loop
is inoperative

MASTER
WARNING

Figure 4.5 Fire detection loops

FIRE TEST

Before flight a means must be available to test the fire circuit. A fire test selector is therefore
provided on the flight deck. On selection the indications identical to a real fire warning will be
displayed on all engines. This has tested circuit continuity. Should a break occur in a Fire
Warning System no fire test will be given for that particular engine. Likewise a leakage in the
gas filled system will negate a warning. It maybe designed that a warning is given to notify
crews that a single fire loop has failed, the system now operating on a single loop. Depending
on aircraft type limited leg operations maybe permitted in the single loop mode.
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AGENT 1 ﬁ\GE:T 2 . o AGENT 1 E N G 2 AGENT 2

L

Courtesy of Airbus Industrie

Figure 4.6. Typical fire warning indicators

’

AGE;\JTJ ENG 1 AGE&T 2

Courtesy of Airbus Industrie

Figure 4.6a. Cockpit Overhead Engine Fire Panel.
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MASTER1  ENG ®, MASTER 2

ON

OFF

Courtesy of Airbus Industrie

Figure 4.6b. Pedestal Engine and Fire Control Panel.
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4.4

FIRE WARNING INDICATIONS/DRILLS

Flight deck indications of a fire warning must be attention getting rather than startling. To that
end the format for such a warning may take the form of:-

a) a klaxon or bell or continuous repetitive chime sounding
b) a master warning caption (No 1 engine fire)
c) a steady red fire warning light in the appropriate engine display channel

On receipt of a fire warning the drill must be carried out in strict order. The following drill being
representative:-

a) a means of cancelling the aural warning
b)  asequence to shut off fuel, bleed air, electrics and hydraulxcs to the engine
c) a means of discharging the fire bottles into the engine fire zones.

Note: Theabove drill is a generalisation and the appropriate aircraft emergency check list must
be consulted.
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FIRE PROTECTION

4.5

Having adhered to the correct drill for shutting down an engine and isolating all services to it, fire
protection ie a fire extinguishant, can now be sprayed into the fire zones. This system normally
comprises of fire bottles, usually two per engine, connected via piping to the fire zones. At the
zones the piping forms a spray ring from which the extinguishant is directed around the area.

A means of discharging the fire bottle is provided on the flight deck and its operation may follow
the following sequence:-

a)

b)

<)

d)

engine shut down drill completed

an electrical cartridge, situated between the base of the fire bottle and the piping, is
armed (SQUIB illuminates an engine fire panel).

pressing the AGENT selector fires the cartridge allowing fire extinguishant, under
pressure, to enter the spray rings in the engine

pressurised extinguishant operates a low pressure electrical switch which illuminates the
DISCH caption on the AGENT selector.

In the event that a single fire bottle does not extinguish the fire a second is usually fitted,
activation and indication being the same as previously described.

Older aircraft may have varying flight deck indications of a bottle having been fired eg an
indicator fuse (a clear small bulb which turns red on bottle firing).

Physical indications that a bottle has been fired may include:-

a)
b)

Note:

an indicator pin on the bottle head
a bottle pressure gauge

these may not be visible externally and panel access may be required.

In the event that a fire bottle has been subject to excess temperature/pressure a thermal discharge
may take place. Indications that the bottle contents have discharged overboard can be:-

a)

b)

bottle pressure gauge reading zero

an external green disc being ejected under which a red disc will show.
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4.6 AUXILIARY POWER UNIT PROTECTION

APU?’s are constant speed self contained gas turbines, which derive their fuel supply from the
aircraft system. Their services may include, bleed air, hydraulic power, electrical power. They
can when certified be available for airborne use.

APU’s are self monitoring and will auto shut down in the event of:-

a)
b)
¢)

d)

fire (plus auto firing of the fire bottle)
oil pressure failure
over-speed

over-heat

Note:  Although APU’s auto shut down a manual control panel is normally included.

EXT PWR FLT INT
-

NOT IN USE AVAIL COCKPIT CALL ADIRU & APU FIRE
AVNCS VENT ,

‘ &

‘ 1

|

|

LIGHT TEST COCKPIT CALL RESET ' I :
APU SHUT OFF

Courtesy of Airbus Industrie

Figure 4.9. External APU fire control panel (Airbus)
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PULL HANDLE AND TWIST LEFT OR RIGHT
TO ACTIVATE FIRE EXTINGUISHER

L BOTTLE
DISCHARGE SISB(?H.II-\I-;(EBE

RIGHT FIRE
EXTINGUISHER

sQuiB

LEFT
ENGINE

RIGHT
ENGINE

Figure 4.10 Typical Fire Protection System Layout

Reference fig. 4.10 above.

On receipt of left engine fire warning.

1. CLOSE LEFT THRUST LEVER

2. LEFT ENGINE H.P. OR ENGINE START LEVER CLOSE

3. PULL NO 1 FIRE HANDLE

4. NUMBER 1 ENGINE FIRE HANDLE ROTATE LEFT TO MECHANICAL LIMIT
AND HOLD FOR AT LEAST 1 SECOND. THIS WILL DISCHARGE THE LEFT
BOTTLE INTO THE LEFT ENGINE

5.1F AFTER 30 SECONDS FIRE WARNING REMAINS ILLUMINATED ROTATE No.
1 FIRE HANDLE RIGHT TO ITS MECHANICAL LIMIT AND HOLD FOR AT LEAST
1 SECOND. THIS WILL DISCHARGE THE RIGHT BOTTLE INTO THE LEFT
ENGINE.

LAND AS SOON AS POSSIBLE

This is an example and individual aircraft check lists must be consulted for the correct procedure
to be followed.
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4.7

Courtesy of Airbus Industrie

Figure 4.11 Automatic toilet fire extinguishers

TOILET FIRE SYSTEM

These are fitted around each disposal receptacle for towels, paper or waste paper containers and
consist of a fire bottle, fusible plug and spray ring and are a requirement for all aircraft with a
passenger capacity of 20 or more. In the event of a fire the fusible plug will melt discharging fire
extinguishant into the spray ring. The toilets must also be fitted with a smoke detector system.
(see chapter 3)
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FIRE DETECTION/PROTECTION

B.C.F.
COLOUR GREEN

JAIRLINEMODEL

1.5 kg BCF

Stored pressure
fire extinguisher
GENERAL PURPOSE

FOR USE ON
ELECTRICAL & FLAMMABLE LIQUID FIRES
To operate - use upright

o
Release safety Squeeze lever and
catch, hold upright sweep base of flame

WATER
COLOUR RED

1% Ib WATER

Stored pressure

fire extinguisher
NOT TO BE USED ON
LIVE ELECTRICAL OR BURNING LIQUID
OR GAS FIRES
To operate - use upright

A

Release safety Squeeze lever and
catch, hold upright sweep base of flame

SAFETY CATCH
Raise before use

Red disc marked
“FULL" will drop off
when extinguisher is
operated

Raise before use

Duration of
discharge 15
seconds

SAFETY CATCH
Raise before use

Red disc marked
“FULL” will drop off
when extinguisher
is operated

Raise before use

Duration of
discharge 15
seconds

Figure 4.12. Fire extinguishers
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FIRE EXTINGUISHANTS
Fire extinguishants must be suitable for various on-board aircraft fires. The list below gives types
and uses:-

4.8

a)

b)

d)

BROMOCHLORODIFLUROMETHANE (BCF)

This is stored in signal red, purple, brown or green containers. This agent is very
effective against electrical and flammable liquid fires. It is only slightly toxic, is
colourless, non-corrosive and evaporates rapidly leaving no residue. It does not freeze
or cause cold burns and will not harm fabrics, metals or other materials it contacts. It is
also known as Halon 1211. Itacts rapidly on fires by producing a heavy blanketing mist
which eliminates air from the fire source but more importantly it interferes chemically
with the combustion process. It has outstanding properties in preventing re-flash after
the fire has been extinguished. Along with Halon 1301 it is widely used in HRD (High
Rate Discharge) fire extinguishing systems fitted to some gas turbine power plants.

BROMOTRIFLUROMETHANE (BTM)

Stored in grey containers and used in fixed systems it is known as Halon 1301 and has
a very low toxicity. It is used for the protection of APU’s, power plants and cargo
compartments. It has similar characteristics to Halon 1211 except that it has a vapour
spray and is more difficult to direct.

Note: BCF & BTM are part of a group of Halogenated Hydrocarbons commonly
called FREON. Others in the group have long names and are also Halon 1011,
104 & 1201. 104 is no longer used as it is toxic and the other two are not
recommended for use in aircraft.

WATER or WATER GLYCOL

This is stored in red containers and used for hand held portable appliances. It can be
used in passenger cabins for combatting fires involving domestic materials. It must not
be used on fires which involve electrical equipment or liquids, the glycol is an

antifreeze agent which permit operation of the extinguishers at temperatures as low as
-20°C.

Y CHEMICAL

This is stored in a blue or red container with a blue label and occasionally called ‘Dry
Powder’. The use of this agent in crew compartments or passenger cabins of pressurised
aircraft is not permitted (JAR25). However some light aircraft may have these and their
use should be avoided if at all possible as visibility would be restricted and it can render
inoperative otherwise serviceable electrical equipment. The agent is a non toxic powder
ie Potassium Bicarbonate, similar to talcum powder. It is very effective against fires
involving flammable liquids, wood, fabric and paper. It should not be used on electrical
fires, and is best known for its application against wheel and brake fires. As a powder
it has no cooling effect and this reduces the danger of wheel explosions or the distortion
of the brakes or wheels.
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4.9

e)

g

h)

GROUND USE EXTINGUISHERS.

In addition to the dry powder extinguisher, foam (cream or red with a cream label), water
(red), Carbon dioxide, BCF and sand are available for ground use.

CARBON DIOXIDE (CO?

Stored in black or red containers with a black label. It is non-corrosive and extinguishes
the flame by dissipating the oxygen in the immediate area. From a standpoint of toxicity
and corrosion it is the safest agent to use and for many years was the most widely used.
If handled improperly it can cause mental confusion and suffocation. It requires a
stronger container than most other agents due to its variation in vapour pressure with
changes of temperature. The use of this agent in aircraft is not permitted . Carbon
dioxide may be used against most fires and is particularly useful against engine fires as
it will extinguish the fire without damaging the engine. This agent may be used as a
substitute for Dry Chemical against wheel and brake fires but it should not be sprayed
directly on to the wheel but alongside to blanket the wheel with a CO, cloud.

FOAM

The principal extinguishant for use on flammable liquid fires, it blankets the flames by
excluding oxygen.

WATER.

Used on combustible material fires, it extinguishes by cooling. It must not be used on
electrical, fuel or brake fires.

SAND

Useful for containing metal fires such as magnesium or titanium where liquids will make
matters worse.

HAND HELD EXTINGUISHERS

The regulations state that the number of hand held extinguishers required will be
governed by the passenger capacity as follows : 7to 30 =1. 31to 60 =2. 61 to 200 =
3. 201 to 300 =4. 301 to 400 =5. 401 to 500 = 6. 501 to 600 =7. 601 to 700 = 8.
At least two of the extinguishers in the passenger compartment of an aircraft with a
maximum seating configuration of 61 seats or more must be BCF. There must be at least
one additional BCF hand extinguisher conveniently located in the flight deck.
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FIRE SYSTEMS AND COMPARTMENTS

4.10

There are three types of system in general aircraft use:

a)

b)

Fixed System. This consists of containers holding the extinguishing agent fixed to the

structure and a system of distribution pipes and controls provided for the protection of

power plants and where applicable the auxiliary power units.

Note: On large aircraft, fixed systems may also be provided for the protection of
landing gear bays and baggage compartments.

Portable System. This refers to the several types of hand operated fire extinguishers
provided to combat any outbreak of fire in flight crew compartments or passenger cabins.

Mixed Systems. Anarrangement used in some aircraft for the protection of baggage and
service departments, it consists of a system of distribution pipes and spray rings which
are mounted in the appropriate compartment, complemented by hand held or mounted
fire extinguishers discharged through special adapter points.
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4.11

FIRE COMPARTMENTS (JAR 25)

The cockpit and passenger cabin are designated Class A compartments, meaning that a fire may

be visually detected, reached and combatted by a crew member. The engines are Class C

compartments, and fire detection and warning is provided. There are five types of cargo

compartments; Class A to E. Class A and B crew members may reach and combat a source of

fire; Class C or D which crew members cannot reach the source of fire. A class E cargo

compartment is one on aeroplanes only used for the carriage of cargo.

Class A Compartments comply with the following:

a) They provide for visual detection of smoke

b) They are accessible in flight

c) There is a fire extinguisher available.

The Cargo and baggage compartments are classified ‘B’ when complying with the following:

a) Sufficient access provided while in flight to enable a member of the crew to move by
hand all of the contents; and to reach effectively all parts of the compartment with a hand

held extinguisher.

b) When the access provisions are being used, no hazardous quantity of smoke, flames or
extinguishing agent will enter any compartment occupied by the crew or passengers.

c) Each compartment shall be equipped with a separate system of an approved type of
Smoke or Fire Detector to give a warning at the pilots station.

d) Hand fire extinguishers shall be readily available for use in all compartments of this
category.

Class C compartments comply with the following:

a) There is a separate Smoke or Fire Detector system to give warning at the pilot or flight
engineer station.

b) There is an approved built in Fire Extinguishing System controlled from the pilot or
flight engineer station.

c) Means provided to exclude hazardous quantities of smoke, flames, or other noxious
gases from entering into any compartment occupied by the crew or passengers.

d) Ventilation and draughts controlled within each compartment so that the extinguishing
agent used can control any fire likely to occur in the compartment.
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Class D compartments must be so designed and constructed that a fire occurring therein will be
completely confined without endangering the safety of the aircraft or the occupants. Compliance
is required with the following:

a)

b)

c)

Means provided to exclude hazardous quantities of smoke, flames, or other noxious
gases from entering into any compartment occupied by the crew or passengers.

Ventilation and draughts controlled within each compartment so that any fire likely to
occur in the compartment will not progress beyond safe limits.

Compartment completely lined with fire resistant material.

Class E compartments

a)

b)

d)

Equipped with a separate system of an approved type of smoke or fire detector.

Means provided to shut off the ventilating air flow to or within the compartment.
Controls for such means shall be accessible to the flight crew from within the cockpit.

Means provided to exclude hazardous quantities of smoke, flames, or noxious gases from
entering the cockpit.

Required crew emergency exits accessible under all cargo loading conditions.
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SELF ASSESSMENT QUESTIONS OXYGEN

L.

Without added oxygen the time of useful consciousness at
25 000 ft is approximately:

a) twenty seconds
b) eighty seconds
c) three minutes
d) six minutes

With out added oxygen the time of useful consciousness at
40 000 ft is approximately:

a) twenty seconds
b) three minutes
c) eighty seconds
d) six minutes

The maximum altitude without oxygen at which flying efficiency is not seriously
impaired is:

a) 10 000 ft
b) 17 500 ft
0) 25000 ft
d) 30000 ft

In a pressure demand oxygen system:

a) each member of the crew has a regulator.

b) each member of the crew has a continuous oxygen supply.
c) oxygen is supplied with a continuous pressure flow.

d) oxygen demand will cause the pressure to rise.

In a continuous flow oxygen system, oxygen is supplied:

a) only when the mask is plugged into the socket connection.
b) only on passenger inhalation through the mask.
c) only when the cabin altitude is above 18 000 ft.

d) only when the supply has been regulated by the pilot.
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6 In a diluter demand system, selection of emergency on this regulator will result in:
a) air mix supplied at emergency pressure.
b) 100% oxygen supply as called for by the user.
c) 100% oxygen at positive pressure.
d) 100% oxygen continuous flow at positive pressure.
7. If the aircraft suffers a decompression passenger oxygen masks:
a) are released by the passengers.
b) automatically drop to a half hung (ready position).
c) are handed out by the cabin staff.
d) must be removed from the life jacket storage.
8. Oxygen cylinders are normally charged to:
a) 1 000 PSI
b) 1 200 PSI
c) 1 800 PSI
d) 2 000 PSI
9. Rate of flow of oxygen is given in:
a) litres/minute
b) pounds/minute
c) litres/second
d) kilos/hour
10. The colour of American oxygen cylinders is:
a) red
b) blue
c) green
d) brown
11. The colour of British oxygen cylinders is:
a) white with black lettering.
b) grey with silver lettering.
c) black with white neck.
d) blue with white lettering.
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12.

13.

14.

15.

16.

17.

Dangerous pressure rise in oxygen cylinders:

a)
b)
<)
d)

is relieved by a thermostat.

is relieved by under pressurising the bottle.

is relieved by a bursting disc.
is controlled by a thermal relief valve.

To leak test an oxygen system use:

a)
b)
<)
d)

fairy liquid and de-ionised water.
thin oil.

acid free soap and distilled water.
acid free soap and water.

Lubrication of an oxygen component thread is by:

a)
b)
c)
d)

Satisfactory operation of the oxygen system is indicated by:

a)
b)
c)
d)

soap water.
grease.

oil.
graphite.

flow indicators.
lack of anoxia.
aural reassurance.
pressure indicators.

FIRE DETECTION/PROTECTION

If the pressurisation system fails and the cabin starts to climb, then at 14 000" oxygen will be
available to the passengers by:

a)
b)
c)
d)

the stewardess who will hand out masks.

the passengers grabbing a mask from the overhead lockers.

portable oxygen bottles located in the seat backs.
masks automatically ejected to a % hung position.

When air is pressurised the % of oxygen:

a)
b)
¢)
d)

increases.
decreases.
remains the same.
nil.
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18

19.

20.

21.

22.

23.

In an emergency chemically produced oxygen is supplied for a given period by:

a)
b)
c)
d)

sodium chlorate, iron power, an electrical firing system and a filter.
potassium chlorate, iron powder, an electrical firing system and a filter.
sodium chlorate, iron powder which is chemically activated by air and then filtered.

-sodium chlorate and an electrical firing system.

Passenger oxygen masks will present

a)
b)
©)
d)

only when the cabin altitude reaches 14 000.

only if selected by the crew.

only if selected by the cabin staff:

if selected manually = electrically = barometrically.

The charged pressure of a portable oxygen cylinder is normally:

a)
b)
c)
d)

500 psi

1200 psi
1800 psi
3000 psi.

With the control knob set to high , a 120 litre portable bottle will provide oxygen for a period

of:

a)
b)
<)
d)

60 mins.
30 mins
12 mins
3 mins

At what altitude will the diluter-demand oxygen regulator provide 100% pure oxygen.

a)
b)
¢)
d)

10,000 ft
14,000 ft
24,000 ft
34,000 ft

A Flow Indicator fitted to an Oxygen regulator indicates:

a)
b)
c)
d)

that exactly the correct amount of oxygen is being used by the crew member.

that oxygen is flowing through the regulator.

that the crew member is correctly connected to the regulator.

that the system pressure reducing valve is supplying the correct pressure to the regulator.
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24.

25.

26.

27.

what is the approximate time of useful conciousness when hypoxia develops at the specified

altitudes.
18,000 ft 30,000 ft
a) 2-3 Min 10-15 Sec
b) 10 Min 2 Min
c) 30 Min 90-45 secs.
d) 40 Min 5 Min

What is the effect on cabin temperature of a rapid de-compression at 30,000 ft.

a)
b)
c)

d)

Sudden and extreme drop

Insignificant change over the first 2 minutes

A gradual decrease to ambient over a period of about 10 minutes if the cabin heating
ceases.

A gradual decrease to ambient temperature over a period of about 30 minutes if cabin
heating continues

Susceptibility to hypoxia is increased by:

a)
b)
c)
d)

Heat

Noise

Smoking
Under-Breathing

What is the approximate cabin altitude above which you must breath 100% oxygen if you are to
maintain an alveolar partial pressure equal to that at sea level:

a)

b)

c)
d)

26,000 ft
30,000 ft
34,000 ft
38,000 ft
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FIRE DETECTION/PROTECTION

OXYGEN SYSTEMS ANSWER SHEET

A |B |(C |D A |B [C |D A |B |C |D
1 11 21
2 12 22
3 13 23
4 14 24
5 15 25
6 16 26
7 17 27
8 18 28
9 19 29
10 20 30
7.4-24
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FIRE DETECTION/PROTECTION

OXYGEN SYSTEMS MASTER ANSWER SHEET

A D A |B |C |D A |B |C |D
1 11 % 21 %
2 * 12 * 22 *
3 * 13 * 23 *
4 |% 14 %* 24 %*
5 * 15 | % 25 | *
6 * 16 * 26 *
7 17 * 27 *
8 18 | * 28
9 * 19 * 29
10 20 * 30
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EMERGENCY EQUIPMENT SELF ASSESSMENT QUESTIONS

1. A flight deck indication that a fixed fire extinguisher has been fired is:
a) a green coloured bursting disc
b) a protruding indicator pin at the discharge head
c) low pressure warning lamp
d) thermal discharge indicator
2. One type of extinguishing agent you would expect to find in an aircraft installed engine fire

protection system is:

a) Carbon dioxide
b) Argon
c) Helium
d) Freon
3. A wheel brake fire should be fought with a:
a) water/gas fire extinguisher
b) dry powder extinguisher
c) Carbon dioxide extinguisher
d) foam fire extinguisher
4, An engine fire extinguisher has discharged due to an over temperature condition occurring in its

vicinity. This will be indicated by:

a) a bursting disc in the discharge nozzle
b) an externally mounted warning lamp
c) an externally mounted discharge indicator showing red
d) an audible warning
5. On a multi engined aircraft, an engine fire warning system consists of:
a) flashing red lights for each engine and a warning horn
b) steady red light for each engine and a common warning bell
c) flashing red light for each engine and & common warning bell

d) steady red light and bell for each engine

6. Smoke detectors are fitted in:
a) passenger cabins, cargo bays, electrical equipment bays
b) cargo bays, APU compartment, toilets
c) toilets, electrical equipment bays, APU compartments
d) cargo bays, electrical equipment bays, toilets
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7.

10.

11.

12.

A short circuit in a resistive “fire wire” detector will;

a)
b)
c)
d)

fire the squib in the fire bottle discharge head
cause a spurious fire warning to be received
cause the blow out disc to be ruptured
disable the test circuit

On receipt of an engine fire warning on the flight deck the correct procedure should be:

a)
b)
c)
d)

fight the fire with the flight deck BCF fire extinguisher

pull the fire handle, fire the fire extinguisher, shut down the engine

shut down the affected engine, pull the fire handle, fire the first extinguisher
fire the first extinguisher, pull the fire handle, shut down the engine

Fire detection systems:

a)
b)
©)
d)

automatically fire the engine extinguishers
can only use AC electricity

are connected to the Vital bus bar

can be tested from the flight deck

A toilet fire extinguisher is activated:

a)
b)
©)
d)

by high temperature in its vicinity

by remote control from the flight deck

by a switch at the nearest flight attendant station
by a smoke detector

Emergency exits:

a)
b)
<)
d)

can only be opened from the inside

must have an escape slide fitted to them

are painted yellow

must be outlined externally by a 2 inch band of contrasting colour

Regulations governing the fitting, marking and use of safety equipment is contained in:

a)
b)
c)
d)

British Civil Airworthiness Requirements
Navigation Regulations

Joint Airworthiness Requirements
Operations Manual
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13.

14.

15.

16.

17.

18.

An automatic escape slide:

a) can be armed from the inside of the aircraft only

b) can only be activated from the flight deck

c) automatically inflates when the crash switches are activated

d) inflates when the recovery team open the door from the outside of the aircraft

Emergency lighting must be capable of remaining illuminated for a minimum of:

a) 5 mins
b) 7 mins
c) 10 mins
d) 15 mins

The LED indicator light on the emergency torch is flashing at 4 second intervals. This indicates:

a) the battery is charging

b) the torch is serviceable
c) the battery needs replacing
d) the filament is broken

Nomex gloves are provided on the flight deck to:

a) protect hands during cold weather refuelling operations

b) remove hot meal containers from the oven

c) protect hands from hot materials during firefighting

d) to allow turn around checks to be carried out on a hot gas turbine engine

If the emergency lighting system is powered from the aircraft electrical system, it takes is power
supply from:

a) AC essential bus-bar
b) DC essential bus-bar
c) Vital DC bus-bar

d) The inverter

Lifejackets are inflated with compressed:

a) Helium
b) Nitrogen
) Freon

d) Carbon Dioxide
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19.

20.

Emergency lighting:

a) can be switched on from the flight deck only

b) must illuminate the inside of the passenger cabin only

c) comprises flight deck lighting, cabin internal and external lighting
d) once activated cannot be switched off

A Cut-in area:

a) always has a crash axe located next to it

b) is designated as a weaker fuselage area

c) is lit internally by the emergency lighting system

d) is delineated by external markings having right angled corners
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EMERGENCY SYSTEMS ANSWER SHEET

01

02 X

03 X

04 X

05 X

06 X

07 X

08 X

09 X

10 X

11 X

12 X

13 X

14 X

15 X

16 X

17 X

18 X

19 X

20 X
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AIRCRAFT FUEL SYSTEMS

1.1

1.2

INTRODUCTION.

The specification of an ideal fuel for either a gas turbine engine or a piston engine would include
the following main requirements;-

a) Ease of flow under all operating conditions.

b) Complete combustion under all conditions.

) High calorific value.

d) Non-corrosive.

€) No damage to the engine from combustion by-products.
f) Low fire hazard.

2) Ease of engine starting.

h) Lubricity.

These requirements can be met and the methods of doing so are discussed later. In practice the
cost of satisfying all of them is prohibitive and therefore compromises have to be made.

PISTON ENGINE FUELS

Piston engined aircraft use gasoline fuels grouped under the title AVGAS (aviation gasoline).
So that aviation gasoline will fulfill the above requirements, it is manufactured to conform with
exacting 'specifications' that are issued by the Directorate of Engine Research and Development
(D.E.R.D.). The specification number for gasoline is D.E.R.D. 2485. The octane rating of the
fuel is specified with the grade. ie. AVGAS 100 is a 100 octane fuel. Higher octane fuels are
used with high performance engines having high compression ratios.

The most popular grades of AVGAS readily available today are:

Grade

Performance No

Colour

Specific Gravity (Density)

AVGAS 100 LL

100/130

Blue

0.72

Low Lead

AVGAS 100

100/130

Green

0.72

High Lead

AVGAS 115

115/145

0.72

Note;- although AVGAS 100 and AVGAS 100LL have the same 100 / 130 performance No.

they are however easily distinguished by their colour.

AVGAS 100 is green, while AVGAS 100LL is blue.

8.1-1
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1.3

1.4

1.5

MOGAS (motor gasoline) can sometimes be used in certain airframe engine combinations, but
only under the conditions specified in Airworthiness Notices number 98 and 98a because of its
low octane rating.

Because of its higher volatility carburettor icing and vapour locking is much more likely.
Information on the use of MOGAS can also be found in CAA Safety Sense leaflet no 4a.

GAS TURBINE FUELS.

Gas turbine engined aircraft use kerosene fuels. The two main types of gas turbine fuel in
common use in civilian aircraft are shown below, together with their characteristic properties;-

AVTUR (Aviation turbine fuel).
a) JET Al. This is a kerosene type fuel with a nominal SG of 0.8 at 15°C.

b) JET A is a similar type of fuel, but it has a waxing point of -40°C. This fuel is normally
only available in the U.S.A.

AVTAG (Aviation turbine gasoline).

JET B. This is a wide-cut gasoline/kerosene mix type fuel with a nominal S.G. of 0.77

at 15°C, it has a low flash point, a wider boiling range than JET A1, and a waxing point
of -60°C.

JET B can be used as an alternative to JET Al but it has a wider range of flammability and is
not generally used in civilian aircraft.

FUEL COLOUR.

Turbine fuels are not dyed for identification, they retain their natural colour which can range
between a straw yellow to completely colourless.

CLOUDY FUEL.

If a fuel sample appears cloudy or hazy then there could be a number of reasons. If the
cloudiness appears to rise quite rapidly towards the top of the sample then air is present, if the
cloud falls quite slowly towards the bottom of the sample then water is present in the fuel. A
cloudy appearance usually indicates the presence of water.
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1.6

1.7

JET FUEL ADDITIVES

A number of additives may be blended into the fuel either at the refinery or at the airfield to
improve the operating ability of the fuel. The most popular are listed below.

a)

b)

d)

FSII (Fuel System Icing Inhibitor). A certain amount of water is present in all fuel.
FSII contains an icing inhibitor and fungal suppressant to combat the following
problems.

i) Icing. As an aircraft climbs to altitude the fuel is cooled and the amount of
dissolved water it can hold is reduced. Water droplets form and as the
temperature is further reduced they turn to ice crystals which can block fuel
system components.

ii) Fungal Growth and Corrosion. A microbiological fungus called
Cladasporium Resinae is present in all turbine fuels. This fungus grows rapidly
in the presence of water to form long green filaments which can block fuel
system components. The waste products of the fungus are corrosive, especially
to fuel tank sealing substances. The inclusion of FSII in the fuel will help to
overcome these problems.

HITEC (Lubricity Agent). A lubricity agent is added to the fuel to reduce wear in the
fuel system components. (pumps, fuel control unit etc.)

Static dissipater additives partially eliminate the hazards of static electricity generated
by the movement of fuel through modern high flow rate fuel transfer systems,
particularly during refuelling and defuelling.

Corrosion inhibitors protect ferrous metals in fuel handling systems, such as pipelines
and storage tanks, from corrosion. Certain of these corrosion inhibitors appear to
improve the lubricating qualities (lubricity) of some gas turbine fuels.

Metal de-activators suppress the catalytic effect which some metals, particularly copper,
have on fuel oxidation.

WATER IN THE FUEL.

Water is always present in fuel, the amount will vary according to the efficiency of the
manufacturer's quality control and the preventive measures taken during storage and transfer.
Further measures can be taken to minimise water accretion once the fuel has been transferred
to the aircraft tanks;-

a)

Water Drains. If the fuel can be allowed to settle after replenishment then the water
droplets, being heavier than the fuel, will fall to the bottom of the tank and can then be
drained off through the water drain valve.
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1.8

1.9

b) Fuel Heater. A fuel heater is provided in turbine engine aircraft fuel systems to prevent
water in the fuel freezing and blocking fuel filters.
In gas turbine engine systems the fuel is passed through a heat exchanger utilising hot
compressor delivery air, to remove any ice crystals which may have formed while the
fuel was exposed to the very low temperatures experienced at high altitudes. Some
systems also utilise a fuel cooled oil cooler, this uses the hot engine oil to warm the fuel
and in doing so it also cools the oil..

c) Atmosphere Exclusion. Once the fuel is in the aircraft fuel tanks, the main source of
water contamination is the atmosphere that remains within the tank. If the tanks are
topped up to full then the atmosphere is excluded together with the moisture it contains,
thus minimising the likelihood that the fuel will be contaminated. Caution is required
here, filling up the tanks may prove an embarrassment the next day if the ambient
temperature rises as the volume of the fuel in the tank will increase and there is the
danger that it may spill out of the vent system. Filling the fuel tanks may also incur a
performance penalty as the aircraft may be too heavy to take off with the required traffic
load and some defuelling may be required.

WAXING.

Waxing is the depositing of heavy hydrocarbons from the fuel at low temperatures. The deposits
take the form of paraffin wax crystals which can clog the fuel filter and interfere with the
operation of the fuel control unit. The effects of waxing can be minimised by;-

a) the refinery keeping the levels of heavy hydrocarbons low,
b) the inclusion of a fuel heater in the engine fuel system.

BOILING.

The temperature at which a fuel boils will vary with the pressure on its surface. As an aircraft
climbs, the pressure on the surface of the fuel reduces and with that reduction comes an
increased likelihood that the fuel will boil and form vapour in the pipelines. The vapour locks
that this effect cause will effectively cut off the fuel supply to the engine with the inevitabie
result that the engine will stop.

Fuel booster pumps fitted inside the tanks can overcome this problem by pressurising the fuel
in the pipelines from the tank to the engine, pushing fuel towards the engine rather than engine
driven pumps sucking fuel from the tanks.
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1.10

1.11

THE EFFECTS OF S.G.

The specific gravity of a liquid varies inversely with its temperature. On modern aircraft this
usually makes little difference unless full tanks are required, because only the mass of the fuel
load is taken into account. The fuel quantity measuring system is compensates for changes in
fuel specific gravity, however, the maximum R.P.M. governor fitted to some gas turbine engines
is sensitive to changes in specific gravity and so would require some adjustment if a different
specific gravity fuel was uplifted.

FUEL SYSTEMS
The aircraft storage system.
The fuel is carried in (or on) the aircraft within tanks which can be integral, rigid or flexible.

a) Integral tanks - where the inside of the wings and, depending on type, the centre section
torsion box and horizontal stabiliser, are sealed during manufacture to provide large
volume fuel storage. The advantage of this type of tank is that there is little extra weight
added to the aircraft as the tank structure is formed by the structure already required, all
modern large passenger aircraft will have this type of tank.

b) Rigid tanks - a sealed metal container mounted in the aircraft wing or fuselage. Simple
but does add extra weight and requires mounting structure. Most popular on light
aircraft. This type of tank may be fitted externally, on the wing tip for example, made
of metal or a composite construction.

c) Flexible tanks - bags made of sealed rubberised fabric, sometimes referred to as a fuel
bladders or bag tanks. This type of tank requires structure inside the aircraft to attach
and support it. They are typically mounted inside the wing or fuselage, more popular on
military aircraft as they can be effectively ‘self sealing’ in the event of battle damage
occurring.

Baffles are fitted within the tank to minimise the large inertial forces generated when the fuel
surges during aircraft manoeuvres, acceleration, deceleration or sideslip for example. Some
large aircraft may be fitted with baffle check valves which allow the fuel to flow inboard but not
outboard towards the wingtips during manoeuvres. Fuel tanks also incorporate vents, water
drains, feed pipes, gauging system and filler caps. In larger aircraft the tanks will also have
booster pumps, high and low level float switches, pressure refuelling valves and filters.

The aircraft fuel system is designed to store and deliver fuel to the engine fuel system. It must

be capable of delivering more fuel than the engine can possibly use in its most critical phase of
flight so that the engine is never starved of fuel.
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A simple, light aircraft fuel system is shown below. The fuel tanks are rigid tanks fitted in the
wings and filled by the overwing method (open line through a filler cap in the top of the tank).
The fuel is drawn from the tanks by a mechanical or electrical fuel pump through a tank selector
and filter before being delivered to the carburettor. Engine priming is achieved by use of a
priming pump which takes fuel from the filter housing and delivers it to the inlet manifold. The
fuel system is monitored for contents and pressure and the fuel drains allow any water to be
removed before flight.
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PUMP CONTROL
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Figure 1.1 Single Engine Light Aircraft Fuel System

Multi engine aircraft have more complex fuel systems to cope with the extra requirements for
altitude and engine configuration. The fuel tanks are invariably integral tanks and are in the
wings. Most modern aircraft may also have a ‘centre tank’, a tank in the centre section torque
box between the wings. There are also aircraft fuel systems which include fuel tanks in the
empennage (fin or stabilizer) which as well as béing used to increase the fuel capacity may also
be used to affect the aircraft centre of gravity.

The system will include the following.

1. Vent system - may include vent valves and vent surge tank. Allows the air pressure
above the fuel in the tank to equalise with the ambient pressure and may also provide
for ram air to be introduced to partially pressurise the tanks in flight to assist the fuel
flow and help to reduce fuel boiling at altitude. Any fuel overflowing into the vent
system is collected by the vent/surge tank and recycled back to the main tanks. The vent
space in each fuel tank as required by JAR 23 and JAR 25 is 2% of the tank volume.
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2.

Filters (screens)- are used to prevent any debris in the tank being drawn into the booster
pumps.

Booster pumps - normally fitted in pairs in each tank to pump fuel from the tank to the
engine. they are a necessity in high altitude aircraft to prevent cavitation of the engine
driven pump. Booster pumps are typically centrifugal pumps driven by AC induction
motors providing low pressure (20 - 40 psi) and high flow In the event of a double
booster pump failure in one main tank the aircraft Minimum Equipment List will
invariably limit the aircraft to a maximum operating altitude to prevent fuel starvation.

Collector Tank (Feeder Box) - The booster pumps are fitted in a collector tank or
feeder box which always holds a measured quantity of fuel (typically 500 Kg) to allow
the pumps to be continually submerged in fuel thereby preventing pump cavitation due
to attitude changes of the aircraft which could cause the pumps to be uncovered. The
collector tank may also have the facility to enable the pumps to be replaced without
draining all the fuel from the tank

Cross-feed and shut off valves - to enable fuel to be fed from any tank to any engine
and isolated in the event of a fault or emergency.

High and Low level float switches or level sensors - High level switches are used to
automatically close the refuel valve when the tank is full (automatic top off) during
refuelling and the low level switches are used to maintain a required minimum fuel in
the main tanks during fuel jettison or dumping.

Fuel drains - as in a light aircraft each fuel tank will have a fuel drain at the lowest
point in the tank to allow water to be drained from the tank.

Baffles - are fitted in the tanks to dampen rapid movement of fuel (surging or sloshing)
during manoeuvring.

Overpressure relief valve - In the event of the fuel tank being over pressurised due to
a malfunction a relief valve may be incorporated to prevent structural damage to the
tank.

The following diagram shows a typical two erigine jet aircraft system schematic layout with
controls and indications. Note that the wing tanks are split into two elements, an outer and inner
section which are sometimes incorporated to allow a certain amount of fuel to remain in the
outer section until the inner has reached a pre-determined level. Keeping fuel outboard in this
manner helps to reduce wing bending stress and relieve flutter.
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The normal sequence of fuel usage after take off would be to use the centre tank fuel first
followed by the wing tank fuel. This sequence helps to relieve the wing bending stress. When
the booster pumps can no longer pump fuel from the centre tank the residual fuel can be removed
to the Nol tank by use of the centre tank scavenge system.

The cross feed valve allows both engines to be fed from one side or one engine to be fed from
both sides. Suction valves in the tanks allow the engine to be fed by gravity or suction by the
engine driven pump in the event of both booster pumps failing in one tank.

The control panel shows selector switches for each pump accompanied by low pressure warning
lights to show pump failure or low fuel level. there is also a control switch and indicator light
for the cross feed valve. There is a temperature sensor in the No1l tank which will transmit the
fuel tank temperature to an indicator on the control panel.

The engine fuel shut off valve is closed by the operation of the fire handle for that particular
engine, in some aircraft it is also operated by the selection of the fuel switch during the normal
start or shut down procedure.

The APU takes its fuel from the Nol tank from a bypass valve if there are no booster pumps
operating, but could be fed from any tank if a booster pump in that tank was selected on. The
APU shut off valve is typically operated by the automatic start or stop sequence.

Fuel imbalance in flight between the Nol and No2 tank can be corrected by selective switching
of the booster pumps and cross feed valve (open the cross feed and switch off the pumps in the
tank with less fuel until the correct balance is achieved by supplying both engines from the tank
with more fuel). When the correct balance is achieved switch on the booster pumps previously
switched off and close the cross feed valve. This will restore the ‘tank to engine’ configuration
(Nol tank feeding Nol engine and No2 tank feeding No2 engine)

The control panel also has indicators to show low pressure fuel filter bypass valve open (filter

blockage). This filter is the low pressure filter in the engine fuel system downstream of the fuel
heater.
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Fuel Jettison or Dump

The diagram of the right hand wing of an older four engine aircraft below shows similar
components to the twin engine system. The aircraft has a stabilizer tank which feeds fuel into
the transfer gallery or into the centre tank.

Where fuel pipes are routed through the pressurised rear fuselage they are double skinned to
prevent fuel fumes entering the cabin in the event of a leaking pipe.

This type of aircraft also has a jettison system. This would be required if the maximum landing
mass of the aircraft is significantly less than the maximum take off mass and landing at the
higher mass would compromise the structural integrity of the aircraft or if the aircraft could not
satisfy the climb requirements of JAR 25.119 and the discontinued approach requirements of.
JAR 25. 121 (d). In an emergency therefore fuel can be dumped to reduce the mass to its
maximum landing mass.

Fuel dumping is accomplished by pumping fuel out of a dump master valve, typically one on
each wing at the trailing edge, well outboard to enable the fuel to be dumped safely with no
danger of it entering the aircraft or any of its systems.

Fuel dumping is controlled from the pilot’s or flight engineer’s fuel control panel. The amount
of fuel to be dumped (or the amount of fuel to remain) can often be selected and automatically
controlled. The fuel dumping process will be automatically stopped when this level has been
reached.

It would be clearly undesirable to dump all of the fuel in the aircraft and safeguards must be in
place to allow a minimum amount of fuel to remain. The minimum amount is stipulated in
JAR 25.1001 (f) which states that the fuel remaining after jettisoning must be sufficient to
enable the aircraft to climb to 10,000 ft. and thereafter allow 45 minutes cruise at a speed
for maximum range.

Management of this type of fuel system may be manual (flight engineer) or in more modern two
pilot aircraft, (747-400), can be almost fully automatic only requiring the minimum of input from
the pilot. The majority of the monitoring and switching actions are accomplished by a fuel
management computer. The stabilizer and centre tank fuel would be used first either by
transferring to the main tanks, as in our old system, or by selective fuel feed, as in the modern
aircraft. For the same reason as in the twin, fuel would be kept in the outboard section of the
wings as long as possible.

8.1-10 © Oxford Aviation Services Limited



e

CENTRE
TANK

D

3 D
D Y
1
Yy ¥ S
. . ' . REFUEL & JETTISON
I GALLERY

FUEL TRANSFER
TOLEFT ~ cross FEED
SIDE VALVE

CROSS FEED

)

VALVE REFUEL
FUEL SHUT OFF  FUEL SHUT OFF CONNECTION

VALVE VALVE e

STABILIZER

TANK _@
I)IIA

A MMM A ALY

Figure 1.3. A Representative Jet Engine Aircraft Fuel System.



AIRCRAFT FUEL SYSTEMS

1.12

FUEL QUANTITY MEASUREMENT.
There are two methods of measuring fuel quantity.

1. measuring volume by varying a resistance by a float - normally restricted to light
aircraft, is subject to manoeuvring error and cannot compensate for variations of density.

2. measuring weight or mass by varying capacitance - essential on modern passenger
aircraft - does not suffer from manoeuvring error and can compensate for variations of
density.

The capacitive method works by supplying the two plates of a capacitor with A.C. The current
that flows in the circuit now depends on four factors, the level of voltage applied, the frequency
of the supply, the size of the plates and the dielectric constant of the material separating the
plates. In our circuit three of these factors are fixed and the fourth, the dielectric constant, is
variable because the dielectric consists of fuel and air. The higher the level of fuel in the tank
the more fuel and less air will be in the capacitor probe, and vice-versa.

The amount of current flowing in the circuit therefore depends on the amount of fuel/air between
the plates and in measuring this current we can have an accurate indication of the mass of fuel
in our tanks.

The system can be made sensitive to the specific gravity (density) of the fuel so that although
the volume of a quantity of fuel may increase with a temperature rise, the resulting decrease in
the specific gravity will ensure that the indicated mass (weight) remains the same.

To compensate for change
in aircraft attitude the
capacitive system may
have many capacitor
probes in the tank
connected in parallel to ‘
‘average’ the measurement
of the fuel in the tank. This
enables the system to give
an accurate indication
irrespective of the aircraft |
attitude. f ;

Figure 1.4. Attitude Compensation.
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1.13

1.14

1.15

SYSTEM MALFUNCTION.

If a capacitive gauging system fails, it does so in a manner to draw the attention of the user, a fail
safe circuit is incorporated which drives the gauge pointer slowly towards the empty position in
order to prevent the indicator showing that there is more fuel in the tank than there actually is.
Some systems also incorporate a test switch utilising the fail safe circuit, when the test switch
is operated, the indication moves towards empty and when the switch is released the pointer
should move back to its original position.

SIMPLE QUANTITY MEASURING SYSTEMS.

In the event that the electronic measuring system does fail, we must be able to determine the
quantity of fuel in the aircraft. A dipstick can be used from the top of the tank but of course it
exposes the user to the dangers inherent in walking on high slippery surfaces.

Another method is the 'dripstick’, a calibrated hollow tube which is withdrawn from the under
surface of the tank through a fuel proof aperture. When the top of the tube becomes lower than
the fuel level, the fuel will drip through the tube, hence the name 'dripstick’. The volume of the
fuel in the tank can be established by reference to the calibrations on the tube. The disadvantage
of this system is that the users armpit soon becomes saturated with the fuel dripping from the
pipe. A more user friendly version of this system is the 'dropstick' or Magnetic Level
Indicator (MLI). The previously mentioned tube now becomes a rod, calibrated to show the
level of fuel in the tank. The rod is fitted within a fuel proof tube in the tank and around the tube
is a magnet supported on a float. The tip of the rod is also fitted with a magnet and when it is
lowered through the tube the fields of the two magnets interact. The length of rod protruding
from the underside of the wing indicates the level of fuel in the tank. By reference to the aircraft
manual and using the density of the fuel the mass of fuel in the tanks can be established.

FUEL SYSTEM INSTRUMENTATION.

The fuel system instrumentation on a light aircraft will consist of contents and pressure gauges
as shown in figure 1.1, but on large aircraft it is necessary to provide information regarding not
only the quantity and pressure but also fuel used, position of valves such as cross feed, inter
engine and firewall shut off valve. Other indications include pumps on or off and fuel
temperature. These indications are usually in the form of “mimic” diagrams with ‘dolls eyes’ and
lights on the flight engineers panel or electronically presented schematic displays. The diagram
below shows a typical Airbus Electronic Centralised Aircraft Monitoring (ECAM) system
display. A Boeing Engine Indicating and Crew Alerting System (EICAS) would be a similar
display.
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Figure 1.5Electronic Fuel System Display (Airbus)

1. Fuel used, each engine 7. Centre tank booster pump indication
2. Total fuel on Board 8. Transfer valve indication

3. Engine fuel shut-off valve 9. Fuel quantity, right wing outboard
4. APU fuel shut-off valve -10. Fuel quantity, right wing inboard

5. Cross-feed valve 11. Fuel quantity, centre tank

6. Wing tank booster pump indication 12. Tank fuel temperature

(shown switched off)
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AIRCRAFT REFUELLING.

1.16

Before fuelling an aircraft, fuelling zones should be established. These zones will extend at least
6m (20 feet) radially from the filling and venting points on the aircraft and the fuelling
equipment.

Within these zones the following restrictions apply;-

a)

b)

c)

d)

e)

There should be no smoking.
If the exhaust of an A.P.U. which is required during the fuelling operation discharges
into the zone, then it must be started before filler caps are removed or fuelling

connections made.

If the A.P.U. stops for any reason during fuelling, it should not be started again until
fuelling has ceased and there is no danger of igniting the fuel vapours.

Ground power units, (G.P.U.'s) should be located as far away as practical from the
fuelling zones and not be connected or disconnected while fuelling is in progress.

Fire extinguishers should be located so as to be readily accessible.

Light aircraft are refuelled by the over wing method with the quantity issued vehicle in litres
or gallons indicated on the delivery vehicle.

Large aircraft are pressure refuelled from hydrants or bowsers through underwing refuel/defuel
coupling points and controlled by quantity, tank and valve selection from a conveniently
situated refuelling control panel. The quantity required in each tank can be preselected and the
refuel valve to that tank will close when this level has been reached. The system will prevent
any tank being overfilled. An example of an external refuel control panel is shown in figure 1.6.
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1.17

1.18

1.19

PRECAUTIONS BEFORE FUELLING.

Before fuelling commences, the following procedures should be carried out;-

a)

b)

NB.

The aircraft should be bonded (grounded) to the fuelling equipment using dedicated
wires and clips. Reliance must not be placed upon conductive hoses for effective
bonding.

When overwing refuelling, the hose nozzle should be bonded (grounded) to the aircraft
structure before removing the tank filler cap. Similarly, even funnels, filters and cans
should be bonded to the aircraft. Plastic funnels or pipes should never be used.

When underwing pressure refuelling, the mechanical metal to metal contact between the
aircraft fitting and the nozzle end eliminates the need for a separate hose-end bonding
cable.

The sequence of refuelling the aircraft tanks can adversely affect the CG position
particularly if some of the tanks are only to be partially filled and/or the aircraft has a
vertical or horizontal stabilizer tank. If in doubt consult the aircraft manual.

PRECAUTIONS DURING FUELLING.

When passengers are embarking or disembarking during fuelling operations, they should do so
under the supervision of an airline official and their route should avoid the fuelling zones.

WORK ON AIRCRAFT DURING REFUELLING.

The precautions to be taken during refuelling which appertain to work being carried out on the
aircraft are many and various, some if the most pertinent are listed below;-

a)

b)

In case the aircraft settles on the landing gear, all steps, trestles, jacks etc. should be
moved clear.

The main engines should not be operated.
Strobe lighting should not be used.

All torches and lamps used within the fuelling zones should be either certified flame
proof or of the 'intrinsically safe' type.

Only authorised personnel and vehicles should be allowed within the fuelling zone and
their number should be kept to a minimum.
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Figure 1.6An external refuelling control panel
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Key to fig 1.6

1.

10.

1.

FUEL QTY. Shows fuel quantity by tank.

HIGH LEVEL LIGHTS. These come on BLUE when high level is sensed and the
corresponding refuel valve will close automatically.

REFUEL VALVES SELECTOR (guarded in NORM)

NORM. Refuelling valves are controlled by automatic refuelling logic.

OPEN. Valves open when the MODE SELECT switch is set to REFUEL or DEFUEL
position. In REFUEL each refuel/ defuel valve will close when high level is detected
in the associated tank.

SHUT. Valves close.

MODE SELECT switch (guarded at OFF)

OFF. Refuel system is de-energised and the refuel valves are closed.

REFUEL. Refuel valves operate in automatic or in manual mode depending on the
position of the refuel valve switches.

DEFUEL. Refuel valves and transfer valve open.

TRF (transfer) light. Comes on AMBER when the transfer valve is open.
TEST switch.
HIGH. Illuminate if the high level sensors and associated circuits are serviceable.

LTS. Lights on panel and all 8's on fuel quantity indicator illuminate.

ELEC POWER. Refuelling or defuelling can be powered by GPU, APU or
BATTERY 1.

PRESELECTED DISPLAY. Displays the preselected total fuel quantity in kg. x 1000

PRESELECTOR ROCKER SWITCH. Pressing either side of the switch increases or
decreases the preselected quantity.

ACTUAL . Displays the TOTAL fuel on board.

AUTO REFUEL LIGHT. Comes on GREEN (END) when automatic refuelling is
completed.
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1.20

REFUELLING WITH PASSENGERS ON BOARD. JAR- OPS 1.305

To reduce turnround time, and for security reasons, airline operators of fixed wing aircraft may
allow passengers to embark, disembark or remain on board during fuelling operations,
provided the following safety procedures are followed;

a)

b)

d)

g)

h)

i)

k)

)

It is not permissible to refuel fixed wing aircraft with less than 20 seats while
passengers remain on board.

Passengers should disembark if wide cut fuels (e.g. Jet B,) are being used.
Passengers should disembark whenever AVGAS is involved.

One qualified person must remain at a specified location during fuelling operations with
passengers on board. This qualified person must be capable of handling emergency
procedures concerning fire protection and fire fighting, handling communications and
initiating and directing an evacuation.

Crew, staff and passengers must be warned that re/defuelling is about to take place.

Seat Belt signs must be off.

NO SMOKING signs must be on together with interior lighting to enable emergency
exits to be identified.

Passengers must be instructed to unfasten their seat belts and refrain from smoking.

Sufficient qualified .personnel must be on board and be prepared for an immediate
evacuation.

If the presence of fuel vapour is detected inside the aircraft, or any other hazard arises
during re/defuelling , fuelling must be stopped immediately.

The ground area beneath the exits intended for emergency evacuation and slide
deployment areas must be kept clear
Provision must be made for a safe and tapid evacuation.

Provision should be made, via at least two main passenger doors (or the main
passenger door plus one emergency exit when only one main door is available) and
preferably at opposite ends of the aircraft, for the safe evacuation of the aircraft in the
event of an emergency.

Ground servicing and work within the aircraft such as catering and cleaning, should be
carried out in such a way that they do not create a hazard or obstruct exits.
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1.21

1.22

1.23

1.24

ADDITIONAL INSTRUCTIONS FOR WIDE BODIED AIRCRAFT WITH
AUTOMATIC INFLATABLE CHUTES.

a) When a loading bridge is in use, no additional sets of steps need be provided. However,
either the left or right rear door should be manned constantly by a cabin attendant and
should be prepared for immediate use as an emergency route using the automatic
inflatable chute. Where slide action requires manual fitting of an attachment to the
aircraft (e.g. girt bar) the slide should be engaged throughout the fuelling process.

b) As a precautionary measure when a loading bridge is not available for use, one set of
passenger steps should be positioned at the opened main passenger door which is

normally used for the embarkation and / or disembarkation of passengers.

ADDITIONAL INSTRUCTIONS FOR AIRCRAFT WITHOUT AUTOMATIC
INFLATABLE CHUTES.

a) When a loading bridge is in use, one set of aircraft steps should be positioned at another
opened passenger door, preferably at the opposite end of the aircraft.

b) When a loading bridge is not in use, aircraft steps should be positioned at two of the
main passenger doors (i.e. preferably one forward and one aft) which are to be open.

c) Where aircraft are fitted with integral stairways and these are deployed, each may count
as one means of exit,

PRECAUTIONS AFTER FUELLING.

When fuelling is complete, bonding wires (grounding wires) should not be removed until either;-

a) filler caps have been refitted, or
b) the pressure refuelling hose has been disconnected.
SPECIAL HAZARDS.

There are certain situations which pose a particular danger while fuelling is being carried out,
following is a (not exhaustive) list which covers some of the rules to be observed in those
certain situations;-

a) Aircraft should not be fuelled within 30 m. (100 ft.) of radar equipment either under test
or in use in either aircraft or ground installations.

b) If the landing gear is overheated, the aerodrome Fire Service should be called and no
fuelling carried out until the heat has dissipated.
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1.25

c) Extreme caution should be exercised during electrical storms. Fuelling operations
should be suspended during severe electrical disturbances in the vicinity of the airfield.

d) The use of photographic flash bulbs or electronic flash equipment within 6 m. (20 ft..)
of fuelling or vent points should not be permitted.

MARKING OF FUELLING EQUIPMENT.

All fuelling vehicles, hydrant dispensers and their components should conform to the relevant
standards.

Fuelling vehicles and hydrants dispensing AVTUR will be identified by prominently placed
labels with the word "AVTUR" and/or JET A , JET B depending on grade printed in white on
a black background.

Fuelling vehicles dispensing AVGAS will be identified by prominently placed labels with the
word "AVGAS" and the grade e.g. 100/130, 100LL etc. printed in white on a red background.
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FUEL SYSTEM SELF ASSESSMENT QUESTIONS PAPER 1.

1. Baffles are fitted in aircraft fuel tanks:
a) to assist in correct fuel distribution.
b) to prevent fuel surging during aircraft manoeuvres.
c) to prevent the static build up in the tank during refuelling.
d) to channel fuel to the vent valve.
2. A power failure to a capacitive fuel contents system would cause the gauge to:

a) show full scale deflection high.

b) fluctuate between high and low readings.
c) remain fixed on the last contents noted before failure.
d) show full scale deflection low.
3. A fuel booster pump, besides pumping fuel to the engine, can also be utilised to:
a) jettison and transfer fuel.
b) jettison and heat the fuel.
c) transfer and heat the fuel.
d) transfer and recycle the fuel.
4. During fuel jettison, the aircraft is protected against running out of fuel by:
a) high level float switches.
b) preset jettison quantity switches.
c) the crew remaining alert.
d) low level float switches.
5. To indicate that a refuelling bowser carries JET A1 aviation kerosene:
a) yellow and black stripes are marked on the refuelling hose.
b) JET A1l would be painted in 30cm high symbols on the side of the container.
c) JET Al is printed in white on a black background label positioned prominently on the
vehicle.
d) the driver wears a straw yellow water and fuel proof jacket.
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6. Adjustments may have to made to an aircraft's engine fuel system if it has been refuelled with
JET B instead of its normal JET A1 fuel, these adjustments are to cater for:
a) the change in the specific gravity of the fuel.
b) the change in the calorific value of the fuel.
c) the change in the viscosity of the fuel.
d) the lack of HITEC lubricant in the fuel.
7. The differences between AVGAS 100 and AVGAS 100LL are:
Colour Anti-knock value
a) Same Same
b) Same Different
c) Different Same
d) Different Different
8. The aircraft cannot be refuelled while:
a) a ground power unit is operating on the ramp.
b) passengers are walking through the refuelling zones.
c) passengers are boarding.
d) the A.P.U. is running.
9. The disadvantage of refuelling the aircraft to "tanks full" the night before a departure in the heat
of the day is that:
a) the change in the specific gravity may cause the aircraft to be overweight.
b) the change in the volume of the fuel may cause it to spill through the vent system.
c) the change in calorific value may reduce engine power to below sufficient.
d) the R.P.M. governor will be rendered inoperative.
10. An aircraft using MOGAS :
a) is likely to be affected by detonation at cruise power
b) must have booster pumps fitted in the fuel tanks
c) is more likely to be affected by vapour locking and carburettor icing
d) will suffer from a loss of power during take off
QUE [ 1 | 2 3 4 | s 6 HAERERE
ans || || | I

8.1-24 © Oxford Aviation Services Limited



AIRCRAFT FUEL SYSTEMS

FUEL SYSTEM SELF ASSESSMENT QUESTIONS PAPER 2.

1. If a fuel sample appears cloudy or hazy, the most probable cause is:
a) water contamination.
b) anti-microbiological additives.
c) mixing different fuel grades.
d) oil in the fuel.
2, On an aircraft equipped with a compensated capacitance type fuel quantity indication system

graduated to read in kg, the temperature increases just after the tanks are half filled with fuel.
If the fuel expands by 10%, the gauges will show:

a) an increase of 10%.
b) a decrease of 10% of the volume factored by the new specific gravity.
c) a decrease.
d) the same amount.
3. The exhaust gases from the A.P.U. go into the refuelling zone. The A.P.U.:
a) must be switched OFF throughout the refuelling operation.
b) can be started while refuelling is carried out.
c) must be started before fuelling is carried out, and can be run throughout the refuelling
operation.
d) can be started only after the refuelling operation has been terminated.

4, De-fuelled fuel:

a) can only be used in domestic heating systems
b) can only be used by aircraft from the same operators fleet.
c) must be put back into storage.
d) cannot be re-used until its quality has been verified.

5. The background colour scheme for fuelling system pipelines carrying the
following fuels is:

JET Al AVGAS

a) Red Black
b) Black Red
c) Red Yellow
d) Yellow Red
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6. AVGAS:
a) is coloured red for identification purposes.
b) is coloured green if it is a leaded fuel and blue if it is a low lead fuel.
c) has no artificial colouring and appears either clear or a straw yellow colour.
d) can only be used in piston engines if oil is added to improve its anti-knock properties.
7. Information relating to the use of MOGAS can be found in:
a) C.A.A. General Aviation Safety Sense Leaflets.
b) Advisory Information Circulars.
c) Notams.
d) C.A.A. Airworthiness Publications.
8. The fuel cross feed valves are fitted in order to facilitate:
a) the use of fuel from any tank to any engine.
b) refuelling when only one bowser is in use.
c) isolation of the engine from the fuel system in the case of an engine fire.
d) transfer of fuel between the main fuel tanks.
9. Refuelling with passengers on board is not permissible:
a) on a fixed wing aircraft.
b) if AVGAS is being used.
c) if the aircraft has more than twenty seats and the ratio of cabin attendants to passengers
is greater than 1:50 and it is a wide bodied jet.
d) in any of the above cases.
10. While refuelling with passengers on board, when a loading bridge is in use:
a) two sets of extra steps must be provided, one of which must be at the rear of the aircraft.
b) the rear left or right door must be manned constantly by a cabin attendant ready for use
as an emergency exit using the inflatable escape slide.
c) ground servicing must not be carried out.
d) catering and cleaning must not be carried out.
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FUEL SYSTEM SELF ASSESSMENT QUESTIONS PAPER 3.

1. A "wide-cut" fuel is:
a) more flammable than a kerosene type fuel.
b) less volatile than a kerosene type fuel.
c) coloured red for identification purposes.
d) commonly used in civilian transport aircraft
2. The purpose of fitting baffles in fuel tanks is to:
a) prevent longitudinal movement of the fuel during acceleration.
b) allow the booster pump to remain covered by fuel irrespective of the aircraft attitude
c) dampen lateral movement of the fuel in the wing tanks during a sideslip
d) maintain a pre-determined quantity of fuel in the outboard section of the wing tanks
3. Fuel is heated:
a) to stop cavitation in the High Pressure Fuel Pump.
b) to maintain a constant viscosity.
c) to prevent water contamination.

d) to stop ice blocking the Low Pressure fuel filter.

4. What is the function of a collector tank (feeder box)
a) prevent detonation during take off
b) prevent cavitation of the booster pumps
c) prevent fuel surge due to extreme aircraft attitude
d) allow suction feeding of the engine pump
5. Fuel tank booster pumps are:
a) centrifugal, low pressure.
b) centrifugal, high pressure
c) gear type, low pressure

d) gear type, high pressure

6. The advantage of a capacitor type fuel contents gauging system is that the circuit:
a) responds to changes in specific gravity.
b) compensates for high altitude flight.
c) responds automatically to extremely low temperatures.
d) compensates for aircraft attitude changes.
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7. The Low Pressure engine driven pump:
a) backs up in case the engine High Pressure Pump fails.
b) backs up in case of a double booster pump failure.
c) assists in the refuelling operation if only low pressure refuelling systems are available.
d) pressurises the fuel tanks to assist flow to the booster pumps.
8. The purpose of the fuel cooled oil cooler is to:
a) heat the oil and cool the fuel.
b) heat the fuel and cool the oil.
c) cool the oil.

d)  heat the fuel.

9. If a fuel tank with a capacitive quantity system was filled with water instead of fuel, the gauge
would indicate:

a) full scale low (zero)

b) it would indicate the same as if it were filled with fuel
c) full scale high (max)

d) it would freeze at the last known indication

10. AVTUR or JET Al:

a) varies in colour between clear and straw yellow.
b) is a wide cut fuel which is not normally used in civilian transport aircraft.
c) is a gasoline type fuel with a high flash point.
d) is a 97 octane fuel which prevents detonation in gas turbine engines.
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FUEL SYSTEM SELF ASSESSMENT QUESTION ANSWERS
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TechStar

e Over 25 Aviation Calculations ® 55 Conversions
Available ¢ 6 Independent Memory Registers

e Enter Values In Any Order, Or Change Them At
Any Time e Pilot Friendly Use ¢ Work On One
Problem While Another On-Screen Calculation Is
Being Completed ¢ Weight And Balance Calculations
Include Weight Shift Formulas ® Three-Year
Warranty e Batteries Included ¢ Approved For Use
On FAA Knowledge Examinations

Order Code - TECH

SOFTWARE-ONLY PACKAGE

The Software-only Package includes: FlitePro Software CD-ROM
e FliteSchool instrument course CD-ROM e Installation handbook
¢ 10 ATC scenarios ® 200 selected Jeppesen SIMCharts approach
plates ¢ Jeppesen worldwide database

Order Code - FLTPRO
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Maneuvers Training on CD-ROM

Each CD-ROM is organized into a flexible, easy-to-use format.
The design format allows you to choose what topics you would
like to review and in what order you would like to study them
in. Combine the Private Pilot Manual with the Maneuvers
CD-ROM Course for the most exciting way to learn to fly.
Order the complete Private Pilot Manuevers Multimedia
Course or order individual topics. Includes a Student Tracking
Disk for keeping track of your progress through the course
and five CD-ROMs covering the following topics:

GFDCD1  Ground Operations CD-ROM

GFDCD2 Basic Maneuvers CD-ROM

GFDCD3  Airport Operations CD-ROM

GFDCD4 Emergency Landing Procedures / Flight Maneuvers CD-ROM
GFDCD5  Ground Reference Maneuvers CD-ROM

GFDPMA  Private Pilot Maneuvers Software Course (5 CDs)

JS202500 Private Pilot Maneuvers Software Course
(5 CD-ROM's and Private Pilot Manual)

Chart Series
Professionally designed and produced, the FlighTime Chdrt
Series Videos and DVD cover Jeppesen enroute charts and

approach charts, as well as SIDs and STARs. ) i g
. Now Available on
CHTS3V  Videos

NEW INTERACTIVE
J5200300 DVD

W DVD!
Approach Charts includes a detailed introduction of Jeppesen’s | SEES sy
approach charts, featuring the Briefing Strip™ format. RNAV
and GPS procedures are also covered. Order Code - CAPPV

Enroute Charts features Jeppesen four-color enroute charts
and
is based primarily on US-LO series charts. Order Code - CENRV

Departures and Arrivals presents the unique characteristics of i
‘SID and STAR charts. Order Code - CSIDV

INJEPPESEN.
- To see our full range of products, please request the Jeppesen Catalog
or visit our website: www.jeppesen.com
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JOG-15/JOG-30 Chart Organizers

Transparent pockets are ideal for holding trip charts, flight plans, aircraft checklists,
etc. Index tabs and spiral binding make it easy to access the chart you want.

Order Code - JOG-15 (15 Pockets)
Order Code - JOG-30 (30 Pockets)

Airline Flight Case

Designed by the pilots of Swiss Airline Crossair, this rugged, black
leather Pilot’s Case incorporates longer carrying handles rather
than the briefcase-type grip. End flaps keep rain and dust out and
serve to protect your valuable paperwork. Room for 4 Jeppesen
binders. (Size: 46 x 29 x 19 cm) Order Code - FC-AIR

Three-Ring Trifold Kneeboard
Great for approach charts! Includes 3 approach
chart pockets, pen/pencil or penlight holder and a

metal
clipboard. Comes with FREE flight planning chart.

Measures 10" x 20" open.
TRKNEE Kneeboard/Clipboard
TRCLIP Clipboard only with Leg Strap

Metal CSG (E6-B)

Solves low and high speed
problems. Non-glare fin-
ish. Complete with instruc-
tion manual and carrying
case. Order Code - CSG-AL

PN-1 Navigation Plotter

Allows easy identification of WAC
and Sectional chart scales.
Calibrated in statute and nautical
miles. (Size: 12%"x4")

Order Code - PN-1

" Now Includes
VFR Chart Set!

JAR FCL Student Pilot
Route Manual

The Joint Aviation Authority (JAA)
has requested Jeppesen provide the
definitive Student Route Manual
for the JAA Airline Transport
Rating exams. In order to comply
with the JAA syllabus, this manual
is not revised. Student pilots will
need the manual during the JAA ATPL exams
and can familiarize themselves with the material
in advance by ordering a personal copy.

Order Code - STPRM

Order Code - STPRMVFR (Add VFR Supplement to existing manual)

Professional European
Pilot Logbook

Complies with JAR 1.080
regulations for logging
flight time in Europe.
Handles 10 years of data.
(Size: 17.1 cm x 28.6 cm)
Order Code - JAALOG

For more information please contact your local Dealer or Jeppesen directly:
nRJEPPESEN.
Frankfurter Strasse 233, 63263 Germany ¢ Phone: +49 61 02 50 82 50

FAX: +49 61 02 50 82 82 ¢ E-mail: fra-services@jeppesen.com
www.jeppesen.com
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